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ABSTRACT
S p a t i a l  d i s t r i b u t i o n  o f  f a l l  armyworm, Spodoptera  f r u g i p e r d a  
(J .E .  S m i t h ) ,  (FAW) was s t u d i e d  i n  c o r n f i e l d s  a t  t h e  S t .  G a b r i e l  
E x p e r i m e n t  S t a t i o n  i n  L o u i s i a n a  f r o m  1981 t o  1983. Corn p l a n t s  
were sampled and FAW l a r v a e  counted and d iv id e d  i n t o  c a t e g o r i e s  
of s m a l l ,  medium, and l a r g e  f o r  both  s i n g l e  p l a n t  and f i v e  p l a n t  
samples .  Count d a t a  f o r  each c a te g o ry  by d a te  were  then  f i t t e d  to  
P o i s s o n ,  n e g a t i v e  b i n o m i a l ,  and Neyman t y p e  A d i s t r i b u t i o n s .  
Means and v a r i a n c e s  f o r  each c a te g o ry  by d a te  were  a l s o  analyzed  
w i th  t h e  Tay lo r  Power law. Small  l a r v a e  were more agg reg a ted  than  
t h e  medium l a r v a e  w h ic h  w e r e  more  a g g r e g a t e d  t h a n  t h e  l a r g e  
l a r v a e .  One p l a n t  s a m p l e s  w e r e  more  e f f i c i e n t  t h a n  f i v e  p l a n t  
samples .
P rev a le n ce  o f  a n u c l e a r  p o ly h e d ro s i s  v i r u s  (NPV) was s t u d i e d  
i n  1981 and 1982 a t  St .  G a b r ie l  and i n  1982 and 1983 a t  a p r i v a t e  
d a i r y  f a r m  6 km e a s t  o f  Hammond, L o u i s i a n a .  I n f o r m a t i o n  on FAW 
p o p u l a t i o n s ,  c l i m a t e ,  and v i r u s  p r e v a l e n c e  w e r e  a n a l y z e d  by 
m u l t i p l e  r e g r e s s i o n  and r e g r e s s i o n  models  made f o r  each l o c a t i o n  
and f o r  combined d a ta .  I m p o r ta n t  f a c t o r s  a t  St .  G a b r ie l  i n c lu d e d  
c o r n  h e i g h t ,  num ber  o f  l a r v a e  p e r  p l a n t ,  and  t e m p e r a t u r e  
v a r i a b l e s .  I m p o r tan t  f a c t o r s  a t  Hammond were a l l  e n v i ro n m en ta l  — 
t e m p e r a t u r e ,  d e g r e e  d a y ,  r a i n ,  and s o l a r  r a d i a t i o n .  The m os t  
i m p o r t a n t  v a r i a b l e  f o r  r e g r e s s i o n  models made from th e  combined 
d a t a  was number o f  l a r v a e  p e r  p l a n t .
P a r a s i t i s m  o f  FAW l a r v a e  by t h r e e  s p e c i e s  o f  p a r a s i t e —
viii
C o te s ia  (Apante les )  m a r g i n i v e n t r i s , Rogas laphygmae, and Chelonus 
sp. — was s tu d i e d  c o n c u r r e n t l y  w i t h  NPV e p i z o o t io lo g y .  Regres­
s io n  models  were c o n s t r u c t e d  f o r  p a r a s i t i s m  by each s p e c ie s  u s ing  
t h e  c o m b in e d  d a t a  s e t s .  The R v a l u e s  f o r  t h e  m o d e l s  w e re  lo w ,  
no t  exceed ing  0.40. The only  v a r i a b l e  t o  appear  i n  a l l  models was 
corn  h e i g h t .
The Fj  o f f s p r i n g  of l a r v a e  c o l l e c t e d  i n  St .  G a b r ie l  i n  1981 
and Hammond i n  1982 were t e s t e d  by b i o a s s a y  a g a i n s t  th e  l o c a l l y  
o c c u r r i n g  NPV. H e t e r o g e n e i t y  w i t h  r e s p e c t  t o  t h e  NPV i n c r e a s e d  
w i th  t im e .  l a r v a e  of  p a r e n t s  s u r v i v i n g  bo th  NPV a p p l i c a t i o n s  
and n a t u r a l l y  o c c u r r in g  NPV s e l e c t i o n  o f t e n  gave b io a s s a y  r e s u l t s  
t o o  h e t e r o g e n e o u s  t o  f i t  t h e  p r o b i t  m o d e l .  I m m i g r a t i o n  o f  
s u s c e p t i b l e  i n d i v i d u a l s  was  t h e  m o s t  l i k e l y  c a u s e  o f  t h e  
h e t e r o g e n e i t y .
ix
CHAPTER Is  INTRODUCTION AND LITERATURE REVIEW
The num ber  o f  i n s e c t  s p e c i e s  h a s  b e e n  a s s e s s e d  by v a r i o u s  
a u t h o r i t i e s  u s i n g  b o t h  s u b j e c t i v e  and  o b j e c t i v e  c r i t e r i a .  The 
main p o i n t  o f  agreement i s  t h a t  t h e r e  a r e  many o f  them, perhaps  
i n  t h e  m i l l i o n s .  Of t h e s e ,  on ly  6000 t o  7000 im pinge  upon man's 
h e a l t h ,  w e l f a r e ,  o r  food  s u p p l y .  I n  t h e  U n i t e d  S t a t e s ,  f e w e r  
t h a n  200 s p e c i e s  a r e  c o n s i d e r e d  p e r s i s t e n t l y  d a m a g i n g  p e s t s ,  
w h i l e  a n o t h e r  500 a r e  o c c a s i o n a l l y  damaging.
T h i s  s m a l l  f r a c t i o n  o f  t h e  c l a s s  I n s e c t a  r e c e i v e s  t h e  
m a j o r i t y  o f  f u n d i n g  f o r  e n t o m o l o g i c a l  r e s e a r c h ,  a m o u n t i n g  t o  
m i l l i o n s  o f  d o l l a r s  an n u a l ly .  Tremendous amounts o f  l i t e r a t u r e  
a r e  g e n e r a t e d ,  and y e t  s t i l l  more r e s e a r c h  i s  n e c e s s a r y ,  no t  on ly  
f o r  p r a c t i c a l  c o n t r o l  m e a s u r e s  b u t  f o r  an u n d e r s t a n d i n g  o f  t h e  
b a s i c  b i o lo g y  of t h e  p e s t  as  w e l l .  This  l a t t e r  f a c e t  o f  r e s e a r c h  
has  become i n c r e a s i n g l y  im p o r t a n t  w i th  t h e  r e a l i z a t i o n  t h a t  p e s t s  
c a n n o t  be  c o n t r o l l e d  by b l a n k e t s  o f  i n s e c t i c i d e s .  M ethods  o f  
p e s t  c o n t r o l  which a r e  based on an u n d e r s t a n d in g  o f  t h e  b io lo g y  
o f  t h e  p e s t  and  i t s  e c o l o g o c a l  r e l a t i o n s h i p s  w i t h  a s s o c i a t e d  
b i o t a  a r e  p a r t  o f  a p h i l o s o p h y  known a s  I n t e g r a t e d  P e s t  
Management.
One o f  t h e s e  m e t h o d s ,  b i o l o g i c a l  c o n t r o l ,  i s  e s p e c i a l l y  
a t t r a c t i v e  i n  t h a t  t h e  n a t u r a l  enemies and d i s e a s e s  o f  t h e  p e s t  
i n s e c t  a r e  used a g a i n s t  i t ,  r e s u l t i n g  i n  v i r t u a l l y  no damage to  
t h e  env i ronm ent .  The r e s e a r c h  in v e s tm en t  i n  b i o l o g i c a l  c o n t r o l  
p r o j e c t s  i s  no t  t r i v i a l .  The dynamic b a lan c e  of  n a t u r e  must  be
1
2a l t e r e d ,  o r  i n  some i n s t a n c e s  r e p a i r e d ,  t o  t h e  advan tage  o f  man. 
Th is  i n v o lv e s  t h e  a d d i t i o n a l  need f o r  i n f o r m a t i o n  on t h e  b io lo g y  
and n a t u r a l  h i s t o r y  o f  t h e  o rgan ism s  concerned ,  e s p e c i a l l y  as  i t  
r e l a t e s  t o  t h e  t a r g e t  i n s e c t .  The p r e s e n t  s t u d y  was c o n d u c t e d  
w i t h  t h e  i n t e n t  o f  d o c u m e n t i n g  n a t u r a l  c o n t r o l  and  p e r t i n e n t  
b io lo g y  of  t h e  f a l l  armyworm, Spodop te ra  f r u g i p e r d a  (J.E. Smith),  
i n  s o u t h - c e n t r a l  L o u i s i a n a  c o r n f i e l d s .  Corn  ( Zea mays L.) was 
chosen  a s  a h o s t  c rop  i n  o r d e r  to  compare s i m i l a r  d a t a  t a k en  from 
g r a s s  p a s t u r e s  (Fuxa 1982, Fuxa and Geaghan 1983), and because  of 
t h e  d e v a s t a t i n g  e f f e c t  o f  f a l l  a rmyworm on t h e  c r o p .  The c o r n  
p l a n t  i s  a l s o  e a s i l y  v i s u a l i z e d  a s  a d i s c r e t e  u n i t  i n  t h e  f i e l d ,  
making a b s o l u t e  samples  much e a s i e r  t o  a c q u i r e .
The d i s s e r t a t i o n  i s  d i v i d e d  i n t o  f i v e  c h a p t e r s .  T h i s  
c h a p t e r  f i n i s h e s  w i t h  a l i t e r a t u r e  r e v i e w  on f a l l  armyworm 
b i o l o g y ,  s a m p l i n g ,  n a t u r a l  c o n t r o l ,  a n d  i n s e c t  v i r u s  
e p i z o o t i o l o g y .  Chapter  2 i s  a s tu d y  o f  f a l l  armyworm p o p u la t i o n  
d i s t r i b u t i o n  i n  c o r n  p l a n t s .  C h a p t e r  3 s u m m a r i z e s  s e a s o n a l  
p re v a l e n c e  o f  two v i r u s e s  t h a t  i n f e c t  f a l l  armyworm. S t a t i s t i c a l  
models  o f  t h e s e  d a t a  a r e  c o n s t r u c t e d  i n  o r d e r  t o  i d e n t i f y  f a c t o r s  
i n  t h e  env i ronm ent  and i n  armyworm l a r v a l  b io lo g y  t h a t  may a f f e c t  
v i r u s  p r e v a l e n c e  i n  t h e  p o p u l a t i o n s .  C h a p t e r  4 s u m m a r i z e s  
s i m i l a r  d a t a  f o r  t h r e e  h y m e n o p t e r o u s  p a r a s i t e s  t h a t  commonly  
p a r a s i t i z e  f a l l  armyworm. Again,  models  were c o n s t r u c t e d  to  t r y  
and i d e n t i f y  f a c t o r s  a f f e c t i n g  p a r a s i t i s m .  Chapter  5 p r e s e n t s  
d a t a  from b i o a s s a y s  of  n u c l e a r  p o l y h e d r o s i s  v i r u s  a g a i n s t  f a l l  
armyworm l a r v a e ,  i n  o rd e r  t o  a s c e r t a i n  s ea s o n a l  s u s c e p t i b i l i t y  of 
t h e  l a r v a e  and and d e te r m in e  i f  v i r u s  i n f e c t i o n  s e l e c t s  f o r  l e s s
3s u s c e p t i b l e  i n d i v i d u a l s  i n  t h e  p o p u la t io n .
L i t e r a t u r e  Review
I n  1773, Mr. John Abbott  em ig ra ted  t o  t h e  crown c o l o n i e s  i n  
A m e r i c a ,  c a r r y i n g  w i t h  h im  a m a n d a t e  f r o m  t h e  Royal  S o c i e t y  o f  
London t o  conduct  r e s e a r c h  and make c o l l e c t i o n s  o f  t h e  l a r g e l y  
unknown A m e r i c a n  f a u n a .  N o t e s ,  s p e c i m e n s ,  and w a t e r c o l o r  
i l l u s t r a t i o n s  w e r e  s e n t  t o  h i s  B r i t i s h  a n d  E u r o p e a n  
c o r r e s p o n d e n t s ,  among whom was S i r  J o h n  E. S m i t h ,  a B r i t i s h  
n a t u r a l i s t .  I n  1797 a c o l l a b o r a t i v e  e f f o r t  r e s u l t e d  i n  " th e  f i r s t  
e x t e n s i v e  m o n o g r a p h  e n t i r e l y  d e v o t e d  t o  N o r t h  A m e r i c a n  
entomology"  (W ilk inson  1981) e n t i t l e d  "The N a tu ra l  H i s t o r y  o f  th e  
Rarer  L ep id o p te ro u s  I n s e c t s  o f  Georg ia"  (Smith  and A b b o t t  1797). 
I r o n i c a l l y ,  i t  i s  h e r e  t h a t  t h e  e c o n o m i c a l l y  d e v a s t a t i n g  f a l l  
armyworm i s  f i r s t  d e s c r i b e d .
The i n s e c t  soon  c e a s e d  t o  be r a r e .  C h i t t e n d e n  (1901)  
d i s c u s s e d  t h e  appearance  o f  t h e  f i r s t  o u tb re a k s  and d e s c r i b e d  i n  
d e t a i l  an o u tb re a k  i n  1899. Farmers  were  n e a r l y  h e l p l e s s  a g a i n s t  
t h e  m a s s i v e  o n s l a u g h t  o f  t h i s  and o t h e r  p e s t s  and s o u g h t  
g o v e r n m e n t a l  r e l i e f ,  r e s u l t i n g  i n  t h e  M o r r i l l  A c t .  I n  
c o n g re s s io n a l  d e b a te s  p re c ed in g  th e  passage  of  t h e  a c t  (Acts of 
1 8 6 2 ) ,  S e n a t o r  W r i g h t  o f  I n d i a n a  a r g u e d  f o r  g o v e r n m e n t  
s p o n s o r s h i p  o f  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n s  t h a t  would  
c o n d u c t  b e n e f i c i a l  r e s e a r c h  t o  " p r e v e n t  t h e  r a v a g e s  o f  t h e  
armyworm" and " the  d e v a s t a t i o n  o f  t h e  w h e a t f l y "  (Conover  1924) .  
How ever ,  i t  was  o v e r  100 y e a r s  a f t e r  t h e  i n s e c t  was  f i r s t  
d e s c r ib e d  b e f o r e  o rg a n iz ed  r e s e a r c h  began a t  U.S. Department of 
A g r i c u l t u r e  (USDA) l a b o r a t o r i e s .
4The f i r s t  n a t u r a l  h i s t o r y  s u r v e y  o f  t h e  f a l l  armyworm was 
p u b l i s h e d  by C h i t t e n d e n  (1 9 0 1 ) .  I n  a d d i t i o n  t o  s t u d y i n g  i t s  
b i o l o g y ,  he t e c h n i c a l l y  d e s c r i b e d  and i l l u s t r a t e d  a l l  l a r v a l  
s t a g e s .  Th is  work was fo l lo w e d  by p u b l i c a t i o n  of two o th e r  USDA 
t e c h n i c a l  b u l l e t i n s  i n  1928 and 1929,  by P h i l l i p  L u g i n b i l l  and 
R.A. V ickery  r e s p e c t i v e l y ,  which f u r t h e r e d  C h i t t e n d e n s '  r e s e a r c h  
and i d e n t i f i e d  many o f  t h e  p a r a s i t e s  a s s o c i a t e d  w i t h  t h e  f a l l  
armyworm. These t h r e e  p u b l i c a t i o n s ,  a long  w i th  two l e s s e r  ones by 
H inds  and  Dew (1915)  and W a l t o n  and L u g i n b i l l  ( 1 9 1 7 ) ,  r e m a i n e d  
th e  m a jo r  source  o f  i n f o r m a t i o n  about f a l l  armyworm b io lo g y  and 
n a t u r a l  c o n t r o l  u n t i l  the  1970’s.
In  1978 and 1980, symposia  on th e  f a l l  armyworm were h e ld  a t  
m ee t in g s  of th e  S o u th e a s t e r n  Branch o f  t h e  Entom olog ica l  S o c ie ty  
o f  A m e r i c a  i n  G a i n e s v i l l e ,  F l o r i d a ,  and  B i l o x i ,  M i s s i s s i p p i ,  
r e s p e c t i v e l y .  The p roceed ings  of t h e se  symposia  were p u b l i sh e d  in  
th e  F l o r i d a  En tom olog is t  i n  two i s s u e s  {(Vol. 62(2): 53pp. (1979) 
and V ol .  63 (4 ) :  124pp. (1980)}  and a r e  s i g n i f i c a n t  i n  t h a t  many 
a r e a s  o f  r e s e a r c h  on f a l l  armyworm a r e  b r o u g h t  up t o  d a t e .  One 
p u b l i c a t i o n  by S p a r k s  (1979)  was t h e  f i r s t  r e v i e w  o f  f a l l  
armyworm b io logy  i n  50 y ea r s .
There  i s  no i n f o r m a t i o n  i n  U.S. l i t e r a t u r e  on f a l l  armyworm 
d i s t r i b u t i o n  and s a m p l i n g  i n  f i e l d  c r o p s .  W i l l s o n  and Young 
(1983) r e f e r  t o  c o l l e c t i o n  d a t a  f i t t e d  to  t h e  n e g a t i v e  b inom ia l  
b u t  do n o t  p r e s e n t  i t .  A c t i o n  t h r e s h o l d s  i n  be rm u d a  g r a s s ,  
Cynodon d a c t y l o n  (L.) P e r s . ,  and s o r g h u m ,  Sorghum b i c o l o r  (L.) 
Moench,  h ave  b e en  c a l c u l a t e d  by M a r t i n  e t  a l .  (1 9 8 0 ) ,  b u t  
p o p u l a t i o n s  o f  t h e  armyworm w e re  a r t i f i c i a l l y  m a n i p u l a t e d  t o
ach ieve  d e s i r e d  d e n s i t i e s .  L inker  e t  a l .  (1984) compared sampl ing  
t e ch n iq u es  f o r  f a l l  armyworm fe e d in g  in  peanut A rach is  hypogaea 
L . ,  b u t  no  s a m p l i n g  s c h e m e  w a s  p r e s e n t e d .  M e t h o d s  f o r  
c o n s t r u c t i n g  sampl ing  programs and t e c h n iq u e s  f o r  d a t a  a n a l y s i s  
w e re  p r e s e n t e d  i n  Sou thw ood  (1 978) .  S p a t i a l  d i s t r i b u t i o n  o f  
i n s e c t  p o p u l a t i o n s ,  i n c l u d i n g  h i s t o r y  and  d e v e l o p m e n t  o f  t h e  
f i e l d ,  was rev iew ed  by Tay lo r  (1984).
The s t u d y  o f  d i s e a s e  e p i z o o t i c s  i n  i n s e c t  p o p u l a t i o n s  was 
f i r s t  p r o p o s e d  i n  d e t a i l  by S t e i n h a u s  (1954) .  I n  t h i s  l a n d m a r k  
p u b l i c a t i o n  w e r e  g a t h e r e d  t e r m i n o l o g y ,  t h e o r y ,  and a v a i l a b l e  
s u p p o r t in g  i n f o r m a t i o n  from t h e  l i t e r a t u r e  on b o t h  i n s e c t s  and 
o t h e r  a n i m a l s .  T h i s  l i t e r a t u r e  was ex p an d e d  by T anada  (1963,  
1976).  C u r r e n t  t h e o r y  on i n v e r t e b r a t e  e p i z o o t i o l o g y  h a s  been  
t r a n s l a t e d  i n t o  m a th e m a t i c a l ly  s o p h i s t i c a t e d  models by Anderson 
and May (1 9 7 8 ,  1979, 1980)  and May and A n d e rso n  (1 9 7 8 ,  1979).  
S t o c h a s t i c  models  of i n v e r t e b r a t e  h o s t -p a th o g e n  sys tem s  have been 
p u b l i s h e d  by K ish  and A l l e n  (1978)  ( v e l v e t b e a n  c a t e r p i l l a r  
A n t i c a r s i a  g e m m a t a l i s  and t h e  f u n g u s  Nomurea r i l e y i ), Anderson 
an d  May ( 1 9 8 0 )  ( t h e  l a r c h  bud m o t h ,  E u s o s m a  g r i s e a n a , 
m i c r o s p o r i d i a n  p r o t o z o a n s ,  and b a c u l o v i r u s e s ) ,  and Brown and 
N o rd in  (1982) ( t h e  a l f a l f a  w e e v i l ,  H ypera  p o s t i c a , and a fu n g u s  
i n  th e  genus E r y n ia ).
The pathogens  i n f e c t i n g  f a l l  armyworm have been rev iewed by 
Gardner and Fuxa (1980). They r e p o r t e d  16 pa thogens  r e p r e s e n t i n g  
5 g r o u p s  ( v i r u s e s ,  b a c t e r i a ,  p r o t o z o a ,  f u n g i ,  and n e m a t o d e s )  as  
b e i n g  c a p a b l e  o f  i n d u c i n g  d i s e a s e .  The f a l l  armyworm n u c l e a r  
p o l y h e d r o s i s  v i r u s  d i s e a s e  was f i r s t  r e p o r t e d  by Chapman and
6G la se r  (1915) and A l len  (1921). S ince  th en ,  v i r a l  n a t u r a l  h i s t o r y  
and p r e v a l e n c e  h a v e  b e e n  r e s e a r c h e d  i n  g r a s s  p a s t u r e s ( F u x a  
19 8 2 ) ,  c o r n  (Fuxa 1982, Hamm and Hare  1982) and so rghum  (Fuxa 
1982 ,  S ch w eh r  and G a r d n e r  1982).  Fuxa and Geaghan (1983)  
d e v e l o p e d  m u l t i p l e  r e g r e s s i o n  m o d e l s  f o r  f a c t o r s  i n f l u e n c i n g  
p r e v a l e n c e  o f  b o t h  t h e  n u c l e a r  p o l y h e d r o s i s  v i r u s  a n d  a 
g r a n u l o s i s  v i r u s  i n  f a l l  armyworm p o p u la t i o n s  f e e d in g  i n  g r a s s  
p a s t u r e s .
R e s i s t a n c e  o c c u r s  i n  i n s e c t  p o p u l a t i o n s  t o  v a r i o u s  
p a t h o g e n s ,  a t  l e a s t  on a l o c a l  s c a l e ,  and h a s  b e en  d i s c u s s e d  i n  
many p u b l i c a t i o n s  ( b i b l i o g r a p h i e s  and d i s c u s s i o n s  i n  Tanada 1976 
and B r i e s e  1981). Only M ar t ig n o n i  (1957) d i s c u s s e d  s u s c e p t i b i l i t y  
o f  t h e  h o s t  b e f o r e  and a f t e r  an e p i z o o t i c  u s i n g  e m p i r i c a l  d a t a .  
R u s h  e t  a l .  ( 1 9 8 1 )  i n v e s t i g a t e d  s e a s o n a l  c h a n g e s  i n  
s u s c e p t i b i l i t y  o f  a c i m i c i d ,  O e c i a c u s  v i c a r i u s , t o  F o r t  Morgan 
v i r u s .  H ow ever ,  t h e  s u s c e p t i b i l i t y  was n o t  d e t e r m i n e d  by 
b i o a s s a y ,  and compar isons  were made only  between one c o l l e c t i o n  
i n  May and one c o l l e c t i o n  i n  J u l y .  T h e r e  h a v e  b e en  s e v e r a l  
s t u d i e s  (D av id  and G a r d i n e r  1960, M a r t i g n o n i  and Schmid  1961, 
R e i c h e l d e r f e r  and B e n to n  1974,  B r i e s e  and Mende 1981,  B r i e s e  
1982, and o t h e r s )  of  changes  i n  s u s c e p t i b i l i t y  to  a v i r u s  between 
p o p u l a t i o n s  o f  t h e  same i n s e c t  f ro m  d i f f e r e n t  g e o g r a p h i c a l  
r e g io n s .  R e i c h e l d e r f e r  and Benton (1974) d em o n s t ra t ed  t h a t  t h e se  
p r o p e r t i e s  were h e r i t a b l e  i n  f a l l  armyworm and a re  p a r t i a l l y  or  
i n c o m p l e t e l y  d o m i n a n t .  W ork ing  w i t h  t h e  p o t a t o  m o th ,  B r i e s e  
(1982)  p r o v i d e d  e v i d e n c e  f o r  a s i n g l e ,  d o m i n a n t  a u t o s o m a l  gene  
c o n t r o l l i n g  s u s c e p t i b i l i t y  t o  a g r a n u l o s i s  v i r u s ,  w h ic h
s e g r e g a t e d  a cc o rd in g  to  s im p le  Mendelian r a t i o s .  F2 hybr ids  gave 
a c l a s s i c a l  broken p r o b i t  l i n e  when c h a l l e n g e d  w i t h  t h e  v i r u s .
P a r a s i t e s  o f  th e  f a l l  armyworm were s t u d i e d  and observed by 
e a r l y  w orkers  ( L u g i n b i l l  1928, Vickery  1929), but more r e c e n t l y  
t h i s  c o m p le x  h a s  b e e n  s t u d i e d  i n  g r a s s  and c o r n  i n  F l o r i d a  
( A s h le y  e t  a l .  1980, 1983) ,  and  i n  p e a n u t  i n  Oklahoma (W al l  and 
B e r b e r e t  1975).  A s h l e y  ( 1 9 7 9 ) ,  s u m m a r i z i n g  t h e  i n f o r m a t i o n  on 
f a l l  armyworm from th e  l i t e r a t u r e ,  found c o l l e c t i o n  reco rds  f o r  
53 s p e c i e s  of  p a r a s i t e s  i n  two o rd e r s  and t e n  f a m i l i e s .  Ashley e t  
a l .  (1982) i n v e s t i g a t e d  s e a s o n a l  p o p u la t i o n  d e n s i t y  and abundance 
of p a r a s i t e s  a t t a c k i n g  f a l l  armyworm p o p u la t i o n s  i n  f i e l d  corn.  
They c o n c l u d e d  t h a t  f a l l  a rmyworm p o p u l a t i o n s  w e re  c a p a b l e  o f  
e s cap in g  p a r a s i t e  r e g u l a t i o n .  M i t c h e l l  e t  a l .  (1984) i n v e s t i g a t e d  
t h e  e f f e c t s  o f  p e r m e a t i o n  o f  a c o r n f i e l d  w i t h  f a l l  armyworm 
pheromone on th e  p o p u l a t i o n  dynamics of  bo th  f a l l  armyworm and 
i t s  l a r v a l  p a r a s i t e s .
CHAPTER 2 :  SPATIAL DISTRIBUTION AND SAMPLING OF FALL ARMYWORM 
IN CORNFIELDS
S p a t i a l  d i s t r i b u t i o n  i s  a f u n d a m e n t a l  p r o p e r t y  o f  i n s e c t  
p o p u l a t i o n s .  Due t o  t h e  s i m p l e  r e q u i r e m e n t s  o f  t h e  a n a l y s i s ,  
i n f o r m a t i o n  on d i s t r i b u t i o n  o f  a s p e c i e s  may be e x t r a c t e d  from 
d a t a  t h a t  w e r e  t a k e n  f o r  o t h e r  p u r p o s e s .  K now ledge  o f  s p a t i a l  
d i s t r i b u t i o n  i s  r e l e v a n t  t o  many a r e a s  o f  r e s e a r c h .  I t  i s  o f  
m a j o r  i m p o r t a n c e  t o  s a m p l i n g  p r o g r a m s .  W i th  t h e  a d v e n t  o f  
i n t e g r a t e d  p e s t  management and t h e  need f o r  r e l i a b l e  e s t i m a t e s  of 
i n s e c t  a b u n d a n c e ,  d e t a i l e d  s a m p l i n g  p r o g r a m s  f o r  a v a r i e t y  o f  
i n s e c t  p e s t s  have been deve loped  (Kogan and Herzog 1980, Tay lo r  
1984). Linked w i t h  economic i n j u r y  l e v e l s ,  t h e s e  programs p rov ide  
sound management i n f o r m a t i o n  f o r  f a r m e r s ,  e x t e n s i o n  a g e n t s ,  and 
r e s e a r c h e r s .
A c t i o n  t h r e s h o l d s  f o r  f a l l  armyworm (FAW), S p o d o p t e r a  
f r u g i p e r d a  J .E .  S m i t h ,  i n  b e rm u d a  g r a s s ,  Cynodon d a c t y l o n  (L.) 
P e r s . ,  and  so rghum  Sorghum b i c o l o r  (L.) Moench,  h ave  b e e n  
p u b l i s h e d  ( M a r t i n  e t  a l .  1980) b u t  w e r e  b a s e d  on a r t i f i c i a l  
i n f e s t a t i o n s  which were n e c e s s a r y  t o  m a i n t a i n  d e s i r e d  p o p u la t i o n  
d e n s i t i e s  on t h e  h o s t  p l a n t s .  R e f e r e n c e  t o  d a t a  g a t h e r e d  on FAW 
i n  s m a l l  g r a i n s  and f i t t e d  t o  t h e  n e g a t i v e  b i n o m i a l  i s  made i n  
W i l l s o n  and Young (1983),  bu t  no t  e l a b o r a t e d .  Sweep n e t  and b ea t  
c l o t h  t e c h n i q u e s  w e r e  c o m p a r e d  f o r  s a m p l i n g  FAW i n  F l o r i d a  
p e a n u t s  by L i n k e r  e t  a l .  (1 9 8 4 ) .  T h e r e  a r e  no s a m p l i n g  p r o g r a m s  
c u r r e n t l y  a v a i l a b l e  f o r  FAW i n  f i e l d  c r o p s ,  even though e s t i m a t e d  
l o s s e s  and  c o s t  o f  c o n t r o l  f o r  t h i s  p e s t  w e re  $41.35 m i l l i o n  i n
91981,  $ 5 0 0 ,0 0 0  i n  L o u i s i a n a  a l o n e  ( S o u t h e r n  1983) .  The p r e s e n t  
s tudy  d e s c r i b e s  s p a t i a l  d i s t r i b u t i o n  o f  FAW fe e d in g  i n  f i e l d  corn  
i n  s o u t h - c e n t r a l  L o u i s ia n a  and u se s  th e  i n f o r m a t i o n  to  develop a 
sam pl ing  program f o r  d i f f e r e n t  l a r v a l  c a t e g o r i e s .
M a t e r i a l s  and Methods
FAW w e r e  s a m p l e d  i n  s m a l l  p l o t s  on  t h e  S t .  G a b r i e l  
E x p e r i m e n t  S t a t i o n ,  I b e r v i l l e  P a r i s h ,  LA. S a m p le s  w ere  t a k e n  
weekly ,  c i r c u m s t a n c e s  p e r m i t t i n g ,  from A p r i l  u n t i l  August i n  1981 
and f r o m  A p r i l  u n t i l  S e p t e m b e r  i n  1982 and 1983. A s t r a t i f i e d  
random sam pl ing  t e ch n iq u e  (Southwood 1978) was employed. F i e l d s  
were d iv i d e d  i n t o  fo u r  o r  e i g h t  p l o t s ,  depending on t h e i r  shapes .  
F i v e  p l a n t s  w e re  s a m p l e d  f r o m  e a c h  o f  8 o r  16 random  l o c a t i o n s  
w i t h i n  t h e  p l o t s .  On f o u r  d a t e s  i n  1983,  a  t o t a l  o f  f i v e  s e t s  o f  
40 o r  80 s i n g l e  p l a n t  s a m p l e s  w e r e  t a k e n .  D u r in g  p e r i o d s  o f  low 
p o p u l a t i o n  d e n s i t y  o r  when p l a n t s  w e r e  t o o  l a r g e  t o  h a r v e s t ,  
sam pl ing  was done a t  th e  f i e l d  s i t e .  O th e rw is e ,  t h e  e n t i r e  p l a n t  
f ro m  t h e  c row n  up was h a r v e s t e d ,  b a g g e d ,  and r e t u r n e d  t o  t h e  
l a b o r a t o r y  f o r  exam ina t ion .  A l l  a e r i a l  p l a n t  p a r t s  were examined 
f o r  t h e  p r e s e n c e  o f  l a r v a e ,  i n c l u d i n g  t h e  w h o r l ,  e a r ,  t a s s e l s ,  
and l e a f  a x i l s .
As each  l a r v a  was found,  i t  was removed to  a r t i f i c i a l  d i e t  
( B u r t o n  1969,  G re e n e  e t  a l .  1976)  and  p l a c e d  i n  a c o n t r o l l e d  
t e m p e r a t u r e  c h am b e r  a t  27°C, 14 :10  p h o t o p e r i o d .  Each  l a r v a  was 
s u b j e c t i v e l y  c l a s s i f i e d  t o  i n s t a r  by c o m p a r i s o n  w i t h  p r e s e r v e d  
spec imens  o f  known age in  o r d e r  t o  o b t a i n  a w e igh ted  mean i n s t a r .  
Larvae were  grouped a cco rd in g  to  l e n g th  i n t o  sm a l l  (1 s t  and 2nd 
i n s t a r s ,  < l lm m ) ,  medium ( 3 r d  and  4 t h  i n s t a r s ,  11 -  25mm), and
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l a r g e  ( 5 t h  and 6 t h  i n s t a r s ,  >25mm) c a t e g o r i e s  f o r  a l l  o t h e r  age  
d e p e n d e n t  a n a l y s i s .
Exper im ents  were conducted  as  f o l l o w s :
1981 Two f i e l d s  were sampled. F i e l d  1 was p l a n t e d  17 A p r i l  w i th  
P io n e e r  3030 seed and measured 42m X 66 rows (0.9m c e n t e r s )  w i th  
e i g h t  p l o t s ,  e a c h  10.4m X 33 r o w s .  The o u t e r  t h r e e  ro w s  o f  e ach  
p l o t  w e r e  u s e d  as  b u f f e r s .  F i e l d  2 was p l a n t e d  20 May w i t h  
P i o n e e r  3030 s e e d  and m e a s u r e d  39m X 68 ro w s  w i t h  e i g h t  p l o t s ,  
e a c h  m e a s u r i n g  9.8m X 34 ro w s  and h a v i n g  t h r e e  b u f f e r  ro w s .  A 
t o t a l  o f  512 p l a n t s  on s e v e n  s a m p l e  d a t e s  was  t a k e n  i n  F i e l d  1, 
w h i l e  613 p l a n t s  were sampled on t e n  d a t e s  i n  F i e l d  2.
1982 Three  f i e l d s  were sampled ,  a l l  o f  which were p l a n t e d  w i th
P io n e e r  3030 seed. F i e l d  1 was p l a n t e d  21 A p r i l  and measured 183m 
X 16 r o w s .  F o u r  p l o t s ,  e a c h  45m X 16 r o w s ,  w e r e  s a m p l e d .  The 
n a r ro w n e ss  o f  th e  f i e l d  p rec lu d ed  b u f f e r s .  F i e l d  2 was p l a n t e d  12 
May and m e a s u r e d  110m X 30 r o w s .  F ou r  p l o t s  w e r e  s a m p l e d ,  e ach  
27m X 30 r o w s ,  w i t h o u t  b u f f e r  ro w s .  F i e l d  3 was p l a n t e d  20 J u l y  
i n  t h e  same l o c a t i o n  as F i e l d  1. However, t h e  number o f  p l o t s  was 
i n c r e a s e d  t o  e i g h t ,  e a c h  m e a s u r i n g  22.5m X 16 ro w s .  A t o t a l  o f  
530 p l a n t s  on s i x  d a t e s  was  s a m p l e d  i n  F i e l d  1, 880 p l a n t s  on 
n in e  d a t e s  i n  F i e l d  2, and 680 p l a n t s  on n in e  d a t e s  i n  F i e l d  3.
1983 Four f i e l d s  were sampled. F i e l d  1 was p l a n t e d  w i th  P ioneer
3030 s e e d  on 5 May and m e a s u r e d  76m X 64 r o w s .  Only  two p l o t s  
were sampled due to  uneven, poor s t a n d s  i n  t h e  o t h e r s .  The p l o t s  
w e re  i r r e g u l a r  i n  o u t l i n e ;  one was c a .  76m X 23 r o w s ,  w h i l e  t h e  
o t h e r  was  c a .  76m X 41 r o w s .  F i e l d  2 was p l a n t e d  w i t h  P i o n e e r  
3030 seed  on 17 June and measured 70m X 64 rows. Four p l o t s ,  each
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35m X 32 rows (no b u f f e r s )  were  sampled. F i e l d s  3 and 4 were both  
p l a n t e d  on 11 A u g u s t .  F i e l d  3 m e a s u r e d  140m X 32 row s  and was 
p l a n t e d  i n  P io n ee r  3030 seed. F i e l d  4 measured 69m X 25 rows and 
was p l a n t e d  i n  Funk sweet co rn .  N e i th e r  f i e l d  was su b d iv id ed ,  and 
o n l y  o n e - p l a n t  s a m p l e s ,  e i t h e r  f ro m  40 o r  80 l o c a t i o n s ,  w e re  
taken.  A t o t a l  of 400 p l a n t s  was examined on s i x  sample  d a t e s  i n  
F i e l d  1, 480 p l a n t s  on s i x  sample  d a t e s  i n  F i e l d  2, 160 p l a n t s  on 
t h r e e  sample  d a t e s  i n  F i e l d  3, and 80 p l a n t s  on two sample d a t e s  
i n  F i e l d  4.
Mean and v a r i a n c e  were c a l c u l a t e d  f o r  each f i e l d  by sample  
d a t e  f o r  s m a l l ,  medium, and l a r g e  l a r v a e  and f o r  t o t a l  p o p u la t io n  
f o r  f i v e - p l a n t  s a m p l e s .  S i n c e  l a r v a e  had  b e e n  r e c o r d e d  by 
i n d i v i d u a l  p l a n t  on m os t  d a t e s ,  means  and v a r i a n c e s  a l s o  w e re  
c a l c u l a t e d  f o r  s m a l l ,  m ed iu m ,  and l a r g e  l a r v a e  and t o t a l  
p o p u l a t i o n  f o r  s i n g l e  p l a n t s  by s a m p l e  d a t e .  Only s i n g l e  p l a n t  
samples  were  tak en  on f i v e  d a t e s  i n  1983; t h e s e  were analyzed  i n  
t h e  same f a s h io n .  Count d a t a  f o r  each l a r v a l  c a t e g o r y  were then  
t e s t e d  by s a m p l e  d a t e  a g a i n s t  t h r e e  d i s t r i b u t i o n s :  p o i s s o n ,  
n e g a t i v e  b i n o m i a l ,  and Neyman t y p e  A. The d a t a  w e r e  t e s t e d  by a 
c u s t o m i z e d  SAS ( S t a t i s t i c a l  A n a l y s i s  S y s t e m s ,  SAS I n s t i t u t e ,  
C a r y ,  NC) p r o c e d u r e  d e v e l o p e d  by t h e  E x p e r i m e n t a l  S t a t i s t i c s  
Department a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  and based on th e  FORTRAN 
a l g o r i t h m  o f  G a t e s  and E t h r i d g e  (1972) .  C h i - s q u a r e  t e s t s  w e re  
u s e d  t o  t e s t  t h e  f i t  o f  t h e  d i s t r i b u t i o n .  I f  t h e  p r o b a b i l i t y  
l e v e l  f e l l  below 0.05 o r  i f  i n s u f f i c i e n t  d eg rees  o f  freedom were 
a v a i l a b l e  t o  make t h e  t e s t  ( d u e  t o  low p o p u l a t i o n  d e n s i t i e s ) ,  
then  f i t  o f  th e  model was r e j e c t e d .
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The n e g a t i v e  b i n o m i a l  p a r a m e t e r  k was  p l o t t e d  ( a s  a 
r e c i p r o c a l )  a g a i n s t  t h e  mean  t o  t e s t  t h e  e f f e c t s  o f  d e n s i t y  
( T a y l o r  e t  a l .  1979)  and j u s t i f y  t h e  c a l c u l a t i o n  o f  a common k. 
Curves were  f i t  w i t h  t h e  g e n e r a l  l i n e a r  model (GLM) p rocedure  of 
SAS.
Means and v a r i a n c e s  a l s o  w e re  f i t t e d  t o  t h e  T a y l o r  Power  
f u n c t i o n  ( T a y l o r  1961) ,  i n  w h ic h  t h e  l o g  o f  t h e  v a r i a n c e  was 
r e g r e s s e d  a g a i n s t  t h e  l o g  o f  t h e  mean. The r e s u l t i n g  i n t e r c e p t  
(a) and t h e  s lo p e  (b) were used  in  t h e  eq u a t io n :
log  np = ( lo g  a -  2 log  p) -  ( 2 - b ) l o g  m 
w h e re  np = t h e  num ber  o f  p l a n t s  t o  be  s a m p l e d  a t  t h e  l e v e l  o f  
accu racy  p when t h e  p o p u la t i o n  mean i s  m (F inch  e t  a l . 1975).
The means and v a r i a n c e s  o f  the  f i v e  in d e p e n d e n t ly  drawn one- 
p l a n t  s a m p l e s  t a k e n  i n  1983 w e re  rem o v ed  f r o m  t h e  d a t a  s e t  
c o n t a i n i n g  t h e  o n e - p l a n t  s a m p l e s  d e r i v e d  f ro m  t h e  f i v e - p l a n t  
samples .  A r e g r e s s i o n  was c a l c u l a t e d  u s in g  th e  m od i f ied  d a t a  s e t  
and  t h e  r e s u l t i n g  l i n e  and  i t s  95% c o n f i d e n c e  l i m i t s  w ere  
p l o t t e d .  The f i v e  p o i n t s  w e r e  t h e n  p l o t t e d  on t h e  l i n e  t o  
d e t e r m in e  i f  they  f e l l  w i t h i n  t h e  co n f id e n ce  l i m i t s .
S lopes  and i n t e r c e p t s  o f  l i n e s  were compared by a n a l y s i s  of 
c o v a r i a n c e  w i th  t h e  GLM. I f  d i f f e r e n c e s  were found, t - t e s t s  were 
used t o  d e te r m in e  which s l o p e s  or i n t e r c e p t s  were s i g n i f i c a n t l y  
d i f f e r e n t .
R e s u l t s
No s i n g l e  d i s t r i b u t i o n  d e s c r i b e d  FAW p o p u l a t i o n s  a t  t h e  
e n t i r e  range  of  d e n s i t i e s ,  a l th o u g h  th e  n e g a t i v e  b inom ia l  and the  
Neyman t y p e  A f i t  t h e  t o t a l  p o p u l a t i o n  d a t a  f r o m  more  s a m p l e
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TABLE 2 .1  C h i - squa re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  t o t a l  f a l l  armyworm p o p u la t i o n s  c o l l e c t e d  i n  
o n e - p l a n t  samples .  A p e r io d  i n d i c a t e s  th e  d i s t r i b u t i o n  
d id  no t  f i t  o r  could  no t  be t e s t e d .
AVE.
MEAN VAR INSTAR Pa NB NA
0.0125 0.0125 6 .00 • • •
0.0133 0.0133 6 .00 • •
0.0250 0.0250 6.00 o •
0.0260 0.0530 4 .00 • •
0.0375 0.0379 5.00 • •
0.0375 0.0375 5.33 • •
0.0750 0.1220 1.33 • •
0.1000 0.1440 5.00 • •
0.1000 0.1430 4 .00 • •
0.1250 0.1110 5.66 e •
0.1250 0.1120 5.40 • •
0.2000 0.2150 4.75 • •
0 .2250 0.3540 5.11 0 060 0 .090 •
0.2250 0.2300 5.22 • •
0.3250 0.4300 4 .85 • •
0.3630 1.3730 2.31 0.391 0.152
0.3880 0.8980 1.74 0.868 0.800
0.3880 0.4940 4 .10 0 211 • •
0.4070 0.8310 4.07 0.065 •
0.4530 1.0000 4.47 0 133 0.095 •
0.6500 1.2180 4 .02 0 057 0.620 0.800
1.2300 1.1530 4.19 0 079 • •
1.3000 1.7570 2.85 •
1.5500 4.5500 1.85 0 .720 0.382
1.5700 4.0950 2.10 0.337 •
1.7300 2.1000 2.23 0 630 0.788 0.843
1.8500 4.7970 2.38 0 168 0.477 0.387
2.1500 5.3440 1.90 0.974 0.862
2.3100 4.3180 3.04 0.362 0.378
2.3100 4.3180 3.23 0 .200 0.140
2.6500 12.9100 1.98 0.237 •
2.7400 7.2590 3.23 0.129 0.050
3.4000 25.0500 2.30 • •
d i s t r i b u t i o n s  a r e  p o i s s o n - P ,  n e g a t i v e  binomial-NB, and Neyman type  
A-NA.
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TABLE 2 .2  C h i - sq u a r e  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  t o t a l  f a l l  armyworm p o p u l a t i o n s  c o l l e c t e d  i n  
f i v e - p l a n t  samples .  A p e r io d  i n d i c a t e s  the  d i s t r i b u t i o n  
d id  no t  f i t  o r  cou ld  no t  be t e s t e d .
AVE.
MEAN VAR INSTAR Pa NB NA
0.0625 0 .063 6.00 • •
0.0625 0.063 6.00 • •
0 .1160 0.125 6.00 • •
0.1880 0.296 5.00 • •
0.1880 0.162 5.33 • •
0.2660 0.133 4.00 • •
0.3750 0.554 1.33 • •
0.5000 1.143 5.00 • •
0.5000 2.000 4.00 • •
0 .6250 0.516 5.66 0 365 • •
0 .6250 0.268 5.40 • •
0 .9330 9.638 3.17 • •
1.0000 1.429 4.75 0 077 • •
1.1250 3.583 5.11 • •
1.1250 1.839 5.22 0 346 0.322 0 .310
1.6250 3.982 4.85 • •
1.8120 18.563 2.31 0.163 0.437
1.9370 11.129 1.74 0.718 0.497
1.9370 2.329 4.10 0 828 0.803 0 .828
1.9380 6.862 4.07 0.886 0 .386
2 .2660 5.781 4.47 0 131 0.646 0 .609
3.2500 9.400 4.02 0 065 0.751 0.567
5.1250 19.550 5.60 0 626 • •
6.3300 20.242 2.85 0 075 0.587 0 .904
6.4160 30.629 1.99 0.535 0.577
7.2500 19.070 1.98 0 235 0.080 0 .060
7.7500 49.400 1.85 0.821 0 .968
7.8750 50.650 2.10 0.693 0.757
10.5000 46.029 1.90 0.371 0 .406
11.3800 62.117 3.23 0.953 0 .730
11.4400 33.396 3.04 0 303 0.095 0 .130
12.1000 46.540 4 .30 0 066 0.291 0 .137
13.6900 61.029 3.23 0.859 0 .839
17.0000 421.600 2.30 • •
17.6300 136.380 2.10 0.677 0.529
29.6700 431.380 3.30 0.527 0 .415
d i s t r i b u t i o n s  a r e  p o i s s o n - P ,  n e g a t i v e  binomial-NB, and Neyman 
type  A-NA.
TABLE 2 .3  C h i - sq u a re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  sm al l  f a l l  armyworm c o l l e c t e d  from o n e -p la n t  
samples .  A p e r io d  i n d i c a t e s  t h e  d i s t r i b u t i o n  d id  not 
f i t  o r  could  no t  be t e s t e d .
OBS MEAN VAR Pa NB NA
1 0.013 0.013 • • •
2 0.063 0.019 • • •
3 0.075 0.122 • • •
4 0.087 0.612 • • •
5 0.125 0.266 • • •
6 0.263 1.335 • 0.065 0.116
7 0.375 0.896 • 0.776 0.868
8 0.513 0.785 • 0.797 0.874
9 0.613 1.455 • 0.541 0.946
10 0.738 1.934 • 0.143 0.073
11 0.850 2.330 • 0.730 0.702
12 1.063 4.287 * 0.797 0.352
13 1.125 3.224 • 0.529 0.668
14 1.150 1.566 0 .4 0.546 0.617
15 1.375 5.174 • 0.545 0.420
16 1.375 4.240 • 0.382 0.194
17 1.86 10.27 • 0.106 •
18 2.350 21.490 • 0.558 •
distributions are poisson-P, negative binomial-NB, and Neyman
type A-NA.
TABLE 2 .4  C h i - sq u a re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  smal l  f a l l  armyworm c o l l e c t e d  from f i v e - p l a n t  
samples .  A p e r io d  i n d i c a t e s  th e  d i s t r i b u t i o n  d id  not 
f i t  o r  could  no t  be t e s t e d .
OBS MEAN VAR Pa NB NA
1 0.063 0 .063 • • •
2 0 .188 0 .563 • • •
3 0 .300 0 .233 • • •
4 0.375 0.544 • • •
5 0 .438 3.063 • • •
6 1.313 16.896 • • •
7 1.875 11.317 • 0.193 0.558
8 2 .500 9.000 • 0.603 0.191
9 3.063 15.396 • 0 .100 0.209
10 3.375 8.783 0.216 0.539 0.562
11 3.688 14.896 • 0.226 0.486
12 4.375 38.517 • 0.313 0.462
13 4.375 13.125 0.335 0.444 0.396
14 5.080 22.083 • 0.070 0.297
15 5.313 43.829 • 0 .956 0.600
16 5.625 37.850 • 0 .160 •
17 6.813 49.363 • 0.468 0.238
18 11.69 344.63 • 0 .132 •
19 12.13 140.55 • 0.271 0.374
distributions are poisson-P, negative binomial-NB, and Neyman
type A-NA.
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d a t e s  t h a n  d i d  t h e  p o i s s o n  ( T a b l e s  2.1 and 2 .2 ) .  When t o t a l  
p o p u la t i o n  was d iv id e d  i n t o  s m a l l ,  medium, and l a r g e  c a t e g o r i e s ,  
h o w e v e r ,  a d i f f e r e n t  t r e n d  a p p e a r e d .  S m a l l  l a r v a e  i n  b o t h  on e -  
p l a n t  ( T a b l e  2 .3) and f i v e - p l a n t  ( T a b l e  2 .4) s a m p l e s  f i t  t h e  
n e g a t i v e  b inom ia l  on 13 d a t e s ,  w h i le  t h e  po is so n  f i t  on on ly  one 
and tw o  d a t e s  r e s p e c t i v e l y .  For  medium l a r v a e  i n  o n e - p l a n t  
s a m p l e s  ( T a b l e  2 .5 ) ,  t h e  p o i s s o n  f i t  t h e  d a t a  on n i n e  s am p le  
d a t e s ,  and  t h e  n e g a t i v e  b i n o m i a l  and Neyman t y p e  A f i t  on s ev en  
d a te s .  In  f i v e -  p l a n t  samples  (Table 2.6),  the  n e g a t i v e  b inomia l  
and Neyman type A d i s t r i b u t i o n s  f i t  on 14 sample  d a t e s ,  w h i l e  the  
p o i s s o n  f i t  on 11 d a t e s .  D a ta  f o r  l a r g e  l a r v a e  i n  o n e - p l a n t  
s a m p l e s  ( T a b le  2.7) f i t  t h e  p o i s s o n  d i s t r i b u t i o n  on s i x  d a t e s ,  
w h i le  t h e  o th e r  two d i s t r i b u t i o n s  f i t  on only  one d a te .  In  f i v e -  
p l a n t  sam ples  (Table 2.8),  t h e  po is son  f i t  on 15 sample d a t e s  and 
t h e  Neyman ty p e  A and n e g a t i v e  b i n o m i a l  on t e n  and n i n e  d a t e s  
r e s p e c t i v e l y .  Of t h e  52 s e t s  of  samples  drawn d u r in g  the  s tudy , 
l a r v a e  were p r e s e n t  on 38 o c ca s io n s .
When 1 /k  was p l o t t e d  a g a i n s t  mean d e n s i t y ,  cu rves  s i m i l i a r  
to  the  type  I curve  o f  Tay lor  e t  a l .  (1979) r e s u l t e d  f o r  bo th  the  
o n e - p l a n t  and  f i v e - p l a n t  d a t a .  A t y p e  I c u r v e  i s  e x p e c t e d  when 
th e  s lo p e  of a power law f i t  i s  between 1 and 2, and i t  i n d i c a t e s  
t h a t  w h i l e  k v a r i e s  w i th  d e n s i t y ,  some k v a lu e s  may f i t  a t  more 
than  one d e n s i t y .  For t h i s  r e a s o n ,  coupled  w i th  t h e  f a c t  t h a t  the  
n e g a t i v e  b i n o m i a l  d i d  n o t  a d e q u a t e l y  d e s c r i b e  l a r v a l  
d i s t r i b u t i o n s  on many sample  d a t e s ,  no a t t e m p t  a t  c a l c u l a t i n g  a 
common k was made. A common k i s  n e c e s s a r y  to  sam pl ing  programs 
u s i n g  t h e  n e g a t i v e  b i n o m i a l ,  a s  w e l l  a s  f o r  t r a n s f o r m i n g  co u n t
TABLE 2 .5  C h i - sq u a re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  medium f a l l  armyworm c o l l e c t e d  i n  o n e -p la n t  
samples .  A p e r io d  i n d i c a t e s  t h e  d i s t r i b u t i o n  d id  not 
f i t  o r  cou ld  not be t e s t e d .
OBS MEAN VAR Pa NB NA
1 0.013 0.013 • •
2 0 .013 0.013 •
3 0 .050 0.049 0.515
4 0 .100 0.143 •
5 0.125 0.163 •
6 0.225 0.179 •
7 0 .300 0.441 0.265
8 0.325 0.328 0.398
9 0.338 0.353 0.780
10 0.375 0.338 0.351
11 0 .488 0.531 0.615 0 265 0 261
12 0.537 0.530 0.644
13 0.625 0.599 0.078
14 0 .650 2.559 • 0 331 0 058
15 0 .663 1.087 • 0 707 0 572
16 0 .775 1.215 • 0 193 0 148
17 1.210 2 .190 • 0 194 0 232
18 1.213 1.511 0.171 0 477 0 575
19 1.390 4.088 • 0 .309 0 .688
distributions are poisson-P, negative binomial-NB, and Neyman
type a-NA.
TABLE 2 .6  C h i - sq u a re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  medium f a l l  armyworm c o l l e c t e d  from f i v e - p l a n t  
samples .  A p e r io d  i n d i c a t e s  t h e  d i s t r i b u t i o n  d id  not 
f i t  o r  could  no t  be t e s t e d .
OBS MEAN VAR Pa NB NA
1 0.063 0 .063 • • •
2 0 .063 0.063 • • •
3 0 .063 0.063 • • •
4 0 .125 0.125 • • •
5 0 .125 0.125 • • •
6 0 .250 0.214 0.539 • •
7 0 .250 0.214 • • •
8 0.266 0.133 • • •
9 0.417 1.356 • • •
10 0 .500 2.000 • • •
11 0 .625 1.125 0.294 • •
12 0.866 2.266 • 0.111 0.263
13 1.500 1.867 0.271 0 .170 0.139
14 1.625 3.450 0.495 0.667 0.849
15 1.870 1.580 0.726 • •
16 1.875 5.554 0.192 0 .399 0.257
17 2.375 4.517 0.243 0 .684 0.754
18 2.688 3.163 0.542 0 .445 0 .446
19 3.167 8.515 0.340 0.421 0 .590
20 3.688 15.829 0.086 0 .393 0.298
21 6.063 36.329 • 0 .473 0.342
22 6.750 28.067 0.348 0.617 0.551
23 7.630 33.983 • 0 .198 0.131
24 7.900 28.322 • 0 .089 0.108
25 9.067 54.638 • 0 .330 0.571
26 12.31 53.963 • 0.207 0 .610
distributions are poisson-P, negative binomial-NB, and Neyman
type A-NA.
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TABLE 2 .7  C h i - sq u a re  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  l a r g e  f a l l  armyworm c o l l e c t e d  from o n e -p la n t  
samples .  A p e r i o d  i n d i c a t e s  t h e  d i s t r i b u t i o n  d id  not 
f i t  o r  cou ld  n o t  be t e s t e d .
OBS MEAN VAR Pa
1 0 .013 0.013 •
2 0.025 0.025 •
3 0 .038 0.038 •
4 0 .071 0.075 •
5 0 .075 0.070 •
6 0 .075 0.075 •
7 0 .075 0.096 •
8 0.081 0.088 •
9 0 .125 0.111 •
10 0 .138 0.145 *
11 0 .150 0.182 «
12 0 .175 0.199 •
13 0 .200 0.215 •
14 0 .225 0.252 0 .125
15 0 .250 0.342 •
16 0 .250 0.244 0 .460
17 0 .388 0.494 0.211
18 0 .475 0.410 0 .336
19 0 .488 0.506 0 .814
20 0 .513 0.430 0 .319
21 0 .613 0.418 •
NB NA
28 0 283
d i s t r i b u t i o n s  a r e  p o i s s o n - P ,  n e g a t i v e  binomial-NB, and Neyman 
type  A-NA.
TABLE 2 .8  C h i - sq u a r e  p r o b a b i l i t y  l e v e l s  f o r  t h r e e  d i s t r i b u t i o n s  
f i t  t o  l a r g e  f a l l  armyworm c o l l e c t e d  from f i v e - p l a n t  
samples .  A p e r io d  i n d i c a t e s  t h e  d i s t r i b u t i o n  d id  not 
f i t  o r  cou ld  no t  be t e s t e d .
OBS MEAN VAR Pa NB NA
1 0.063 0.623 • •
2 0.063 0.063 • •
3 0 .116 0.125 • •
4 0.125 0 .116 • •
5 0.188 0 .163 • «
6 0.375 0.517 • •
7 0 .375 0 .554 • •
8 0.375 0.517 • •
9 0.438 0 .929 • •
10 0.625 0.268 • •
11 0.667 0 .424 0.242 •
12 0 .750 0.786 0.233 •
13 0.875 1.268 0.249 •
14 0.916 2.083 0.226 0 225 0.208
15 1.000 1.714 0.203 0.075
16 1.000 2.857 0.115 •
17 1.125 2 .250 0.314 0 449 0.348
18 1.130 1.263 0.767 0 220 0.220
19 1.250 2.067 0.444 0 774 0.775
20 1.313 3.296 0.138 0 203 0.114
21 2.438 3.998 0.298 0 561 0.587
22 2.625 3.183 0.588 0 478 0.480
23 3 .000 3.733 0.710 0 748 0.746
24 4 .300 5.122 0.606 0 449 0.448
25 5.000 18.000 0.639 •
26 8.467 67.552 • •
distributions are poisson-P, negative binomial-NB, and Neyman
type A-NA.
F i g u r e  2.1 T a y l o r  pow er  f u n c t i o n  f i t  f o r  t o t a l  p o p u l a t i o n s  i n  
o n e - p l a n t  s a m p l e s .  S q u a r e s  r e p r e s e n t  o b s e r v e d  p o i n t s ,  and t h e  
e q u a t i o n  f o r  t h e  l i n e  i s  Y=1.1896X + 0 .3176 .  The i s  0 .96 .
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F i g u r e  2 .2  T a y l o r  p o w er  f u n c t i o n  f i t  f o r  t o t a l  p o p u l a t i o n s  i n  
f i v e - p l a n t  samples .  T r i a n g l e s  r e p r e s e n t  observed  p o i n t s ,  and th e  
e q u a t i o n  f o r  t h e  l i n e  i s  Y=1.3725X + 0 .3518 .  The i s  0 .94 .
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d a t a  f o r  a n a l y s i s  of v a r i a n c e  (F inch e t  a l .  1975). I n s t e a d ,  means 
and v a r i a n c e s  w e re  f i t  by t h e  T a y l o r  Pow er  f u n c t i o n .  F i g u r e  2.1 
d e m o n s t r a t e s  t h e  f i t  f o r  o n e - p l a n t  sam ples  (means and v a r i a n c e s  
i n  T a b l e  2 .1 ) .  F i g u r e  2.2 shows t h e  f i t  f o r  f i v e - p l a n t  s a m p l e s  
(means  and v a r i a n c e s  i n  T a b l e  2 .2 ) .  The s l o p e s  o f  t h e  two l i n e s  
a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  p < 0.05. Each of t h e s e  l i n e s  can 
be subd iv id ed  i n t o  s e p a r a t e  r e g r e s s i o n s  f o r  s m a l l ,  medium, and 
l a r g e  l a r v a e .  F i g u r e  2.3 shows t h e s e  r e g r e s s i o n  l i n e s  f o r  one -  
p l a n t  s a m p l e s .  The c o r r e l a t i o n  c o e f f i c i e n t s  a r e  0 .89 ,  0 .9 5 ,  and 
0.98 f o r  s m a l l ,  medium,  and  l a r g e ,  l a r v a e  r e s p e c t i v e l y .  The 
s l o p e s  o f  t h e s e  t h r e e  l i n e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (p < 
0 .0 5 ) ,  a s  a r e  t h e  i n t e r c e p t s  (p < 0 .0 5 ) .  F i v e - p l a n t  s a m p l e s  a r e  
shown i n  F igu re  2.4. C o r r e l a t i o n  c o e f f i c i e n t s  a r e  0.92,  0.97,  and 
0.92 f o r  s m a l l ,  medium, and l a r g e ,  l a r v a e  r e s p e c t i v e l y .  The th ree  
r e g r e s s i o n s  h a v e  t h e  d i f f e r e n t  s l o p e s  (p < 0 .0 5 ) ,  b u t  t h e  same 
i n t e r c e p t  (p > 0 .0 5 ) .  A l l  8 r e g r e s s i o n s  a r e  s i g n i f i c a n t  a t  p < 
0.0001 and a l l  r e s i d u a l  s c a t t e r s  a r e  random.
Sampling e f f i c i e n c y  f o r  d i f f e r e n t  d e n s i t i e s  of f a l l  armyworm 
i n  c o r n  i s  c a l c u l a t e d  a t  a p r o b a b i l i t y  o f  0.20 i n  T a b l e  2.9. 
Number of  samples  r e q u i r e d  a t  p = 0.10 was a l s o  c a l c u l a t e d ,  but ,  
e x c e p t  a t  t h e  v e r y  h i g h e s t  d e n s i t i e s ,  t h e s e  n u m b ers  w e re  to o  
u n w i e l d y  t o  be o f  p r a c t i c a l  v a l u e .  O t h e r  e f f i c i e n c i e s  may be 
c a l c u l a t e d  a t  d i f f e r e n t  d e n s i t i e s  and  p r o b a b i l i t i e s  w i t h  t h e  
i n f o r m a t i o n  p re s en te d .
The i n d e p e n d e n t l y  d ra w n  o n e - p l a n t  s a m p l e s  w e re  u s e d  t o  
d e te r m in e  i f  t h e  Power law f i t  f o r  i n d i v i d u a l - p l a n t  d a t a  from the  
f i v e  p l a n t  s a m p l e s  was b i a s e d .  Of t h e  f i v e  s a m p l e s ,  v a r i a n c e s
F i g u r e  2 .3  T a y l o r  p o w er  f u n c t i o n  f i t s  f o r  s m a l l ,  m ed ium ,  and 
l a r g e  l a r v a e  i n  o n e - p l a n t  sam ples .  Equa t ions  f o r  t h e  l i n e s  a re :  
s m a l l  -  Y=1.295X + 0 .5196 ( r 2= 0 .8 9 ) ,  medium -  Y=1.1282X + 0 .184 
(R2= 0 . 9 5 ) , and  l a r g e  -  Y=0.9663X -  0.011 (R2=0.98) .
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F ig u r e  2.4 T ay lo r  power f u n c t i o n  f i t  f o r  s m a l l ,  medium, and l a r g e  
l a r v a e  i n  f i v e - p l a n t  samples .  Equa t ions  f o r  th e  l i n e s  a r e :  sm a l l  
-  Y=1.423X + 0.5445 (R2= 0 .9 2 ) ,  medium -  Y= 1.3055X + 0.3092 
(R2= 0 .9 7 ) ,  and  l a r g e  -  Y=1.2407X + 0 .2013 (R2 =0.92).
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Table  2 .9  Number o f  samples r e q u i r e d  f o r  p=0.20 accu racy  f o r  f a l l  
armyworm l a r v a e  sampled a t  v a r y in g  d e n s i t i e s  (number/ 
p l a n t )  i n  c o rn .
FIVE PLANT-SMALL LARVAE ONE PLANT-SMALL LARVAE
AVERAGE DENSITY # OF SAMPLES AVERAGE DENSITY # OF SAMPLES
.0625 434
.1 331
.5 131
1 878
5 345
10 23
.0125 1809
.1 419
.5 135
1 83
5 27
10 16
FIVE PLANT-MEDIUM LARVAE
.0625 350
.1 252
.5 82
1 51
5 17
10 10
ONE PLANT-MEDIUM LARVAE
.0125 1742
.1 284
.5 70
1 38
5 9
10 5
FIVE PLANT-LARGE LARVAE
0625 326
1 228
5 67
7 52
40
23
ONE PLANT-LARGE LARVAE
.0125 2260
.1 263
.5 50
.7 35
1 24
2 12
FIVE PLANT-TOTAL LARVAE ONE PLANT-TOTAL LARVAE
.0625 320 .0125 1811
.1 222 .1 336
.5 870 .5 91
1 56 1 52
5 21 2 30
10 13 3 21
20 8 5 14
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f rom  f o u r  f e l l  w i t h i n  t h e  95% c o n f i d e n c e  l i m i t s  o f  a l i n e  
c o n s t r u c t e d  from th e  p r e v i o u s l y  mentioned m od i f ied  d a ta  s e t .  The 
v a r i a n c e  o f  t h e  f i f t h  f e l l  w i t h i n  th e  99% con f id en ce  i n t e r v a l .  
This  l e n d s  su p p o r t  t o  th e  use  of  o n e - p l a n t  samples  e x t r a c t e d  from 
f i v e - p l a n t  samples .
D iscu s s io n
FAW p o p u l a t i o n s  a r e  t o o  v a r i a b l e  t o  e x p e c t  a n y  one  
d i s t r i b u t i o n  t o  f i t  a t  a r a n g e  of  d e n s i t i e s  ( T a b l e s  2 .1 -2 .8 ) .  
T a y l o r  ( 1 9 8 4 ) ,  p r e s e n t i n g  d a t a  f rom  McGuire  e t .  a l  (1957)  and 
Brown and Cameron (1982),  d em o n s t ra t ed  t h a t  th e  Power law w i l l  
f i t  d a t a  i n d e p e n d e n t l y  o f  t h e  d i s t r i b u t i o n .  T h i s  v e r s a t i l i t y  
makes t h e  Power law i d e a l  f o r  the  p r e s e n t  d a t a  and i s  r e f l e c t e d  
in  th e  h ig h  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  v a r i o u s  equa t ions .
The t a b l e s  a l s o  r e v e a l  two g e n e ra l  t r e n d s .  The f i r s t  i s  t h a t  
the  p o i s so n  d i s t r i b u t i o n  f i t  l a r g e - l a r v a e  d a t a  m ore  o f t e n  th a n  
d id  d i s t r i b u t i o n s  t h a t  r e f l e c t  a g g r e g a t io n  (n e g a t iv e  b inom ia l  and 
Neyman t y p e  A),  w h i l e  t h e  r e v e r s e  i s  t r u e  f o r  s m a l l  l a r v a e .  
Medium l a r v a e  a r e  i n t e r m e d i a t e .  S e q u e n t i a l  s h i f t s  of d i s t r i b u t i o n  
w i t h  age  a l s o  h a v e  been  fo u n d  i n  E u r o p e a n  c o r n  b o r e r  (O s t r i n i a  
n u b i l a l i s ) p o p u l a t i o n s  (M cGuire  e t  a l .  1957) and i n  g y psy  moth 
(Lymantr ia  d i s p a r ) egg p lacem ent  (Taylor  1984 -  d a t a  from Brown 
and Cameron 1982). The second t r e n d  i n  t h e  p r e s e n t  r e s e a r c h  i s  a 
de c r e a se  i n  average  i n s t a r  w i t h  an i n c r e a s e  i n  mean d e n s i t y .  I t  
f o l l o w s  f ro m  t h e s e  two t r e n d s  t h a t  s m a l l  l a r v a e  ( low  a v e r a g e  
i n s t a r ,  h ig h  p o p u la t i o n  d e n s i t y )  would tend  to  a g g r e g a t e ,  medium 
l a r v a e  w o u ld  be m ore  d i s p e r s e d ,  and l a r g e  l a r v a e  ( h i g h  a v e r a g e  
i n s t a r ,  low p o p u la t i o n  d e n s i t y )  would be t h e  most d i s p e r s e d .  Fa l l
armyworm a v e r a g e  ca .  140 e g g s  p e r  mass  ( V i c k e r y  19 2 9 ) ,  so t h a t  
a g g r e g a t i o n  of  sm a l l  l a r v a e  i s  expec ted .  E a r ly  s t u d i e s  ( L u g in b i l l  
1928, Vickery  1929) have d e m o n s t ra t ed  t h a t  l a r v a e  d i s p e r s e  w i th  
a g e ;  when c o m b in e d  w i t h  a p r o c l i v i t y  f o r  c a n n i b a l i s m  and 
accum ula ted  n a t u r a l  m o r t a l i t y ,  o l d e r  l a r v a e  would be expec ted  to  
be l e s s  aggrega ted .
T h i s  b e h a v i o r  o f  d i s p e r s a l  w i t h  age  a f f e c t s  t h e  s a m p l i n g  
e f f i c i e n c y  ( T a b le  2 .9 ) .  For  a g i v e n  d e n s i t y ,  f e w e r  s a m p l e s  a r e  
r e q u i r e d  t o  a t t a i n  th e  same c o n f id en ce  as l a r v a e  grow o ld e r .  Even 
though th e  number of sm a l l  l a r v a e  pe r  p l a n t  may be f i v e  t im e s  as 
g r e a t  as  th e  number of l a r g e  l a r v a e ,  rough ly  th e  same number of 
s a m p l e s  a r e  r e q u i r e d  f o r  a 0.20 p r o b a b i l i t y  l e v e l .  I n  a d d i t i o n ,  
Table  2.9 shows th e  o n e - p l a n t  samples  to  be more e f f i c i e n t  than 
t h e  f i v e - p l a n t  sam ples ,  an o b s e r v a t i o n  a l s o  made by Finch  e t  a l .  
(1975) f o r  eggs of  cabbage r o o t  worm f l y .
The 0.20 p r o b a b i l i t y  l e v e l  was c h o s e n  a s  a c o m p ro m is e  
b e t w e e n  a c c u r a c y  and  l a b o r .  A l t h o u g h  t h i s  l e v e l  m i g h t  seem 
e x c e s s i v e l y  l e n i e n t ,  i t  i s  s u f f i c i e n t  t o  d e t e c t  c h a n g e s  i n  
p o p u l a t i o n  d e n s i t y  i n  a p e s t i c i d e  c o n t r o l  p r o g r a m  (Southwood 
1978).  More d e t a i l e d  s t u d i e s  w ou ld  r e q u i r e  a h i g h e r  l e v e l  o f  
e f f i c i e n c y .
CHAPTER 3: MULTIPLE REGRESSION ANALYSIS OF A NUCLEAR POLYHEDROSIS 
VIRUS IN POPULATIONS OF FALL ARMYWORM IN CORNFIELDS
The s tu d y  o f  d i s e a s e  e p i z o o t i o l o g y  i n  i n s e c t  p o p u la t io n s  has 
long been r e co g n ized  a s  im p o r t a n t  f o r  d eve lop ing  d e s c r i p t i v e  and 
p r e d i c t i v e  m o d e l s  o f  p a t h o g e n s .  P u b l i c a t i o n s  by K is h  and A l l e n  
(1 9 7 8 ) ,  A n d e r s o n  and  May (1 9 8 0 ) ,  S o p e r  and MacLeod (1981) ,  
E n t w i s t l e  e t  a l .  ( 1 9 8 3 ) ,  and Fuxa and Geaghan (1983)  exam ined  
q u a n t i t a t i v e  d a t a  i n  v a r i o u s  l e v e l s  of  d e t a i l ,  from s t a t i s t i c a l  
d e s c r i p t i o n s  t o  m a t h e m a t i c a l l y  s o p h i s t i c a t e d  m o d e l s .  A l l ,  
h o w e v e r ,  r e c o g n i z e d  t h e  n e e d  t o  d o c u m e n t  t h e  u n d e r l y i n g  
e c o l o g i c a l  m e c h a n i s m s  i n  e p i z o o t i c s ,  m e c h a n i s m s  w h ic h  may be 
e x p l o i t e d  i n  p e s t  management.
R e s e a r c h  on  t h e  p r e v a l e n c e  o f  b a c u l o v i r u s e s  ( n u c l e a r  
p o l y h e d r o s i s  v i r u s e s  -  NPVs, and g r a n u l o s i s  v i r u s e s  -  GVs) i n  
f a l l  a r m y w o r m  (FAW), S p o d o p t e r a  f r u g i p e r d a  (J .E .  S m i th ) ,  
p o p u l a t i o n s  h a s  b e en  c o n d u c t e d  i n  g r a s s  p a s t u r e s  (Fuxa 1982),  
c o r n  (Hamm and Hare  1982 ,  Fuxa 1982) ,  and  so rghum  (S chw ehr  and 
G a r d n e r  1982 ,  Fuxa  1982) .  Fuxa and G eaghan  (1983)  d e v e lo p e d  
m u l t i p l e  r e g r e s s i o n  models  f o r  f a c t o r s  i n f l u e n c i n g  p reva lence  of 
NPV and GV d i s e a s e s  i n  FAW p o p u la t i o n s  f e e d in g  in  g r a s s  p a s tu r e s  
i n  L o u i s i a n a .  The p r e s e n t  s tudy  was conducted a t  two of th e  same 
l o c a t i o n s  i n  L o u i s i a n a  t h a t  were u t i l i z e d  by Fuxa (1982) and Fuxa 
and G eaghan  ( 1 9 8 3 ) ,  and  e x p a n d s  t h e  r e s e a r c h  t o  a n o t h e r  h o s t  
p l a n t  of t h e  FAW.
M a t e r i a l s  and Methods
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Samples of  FAW were ta k e n  from c o r n f i e l d s  a t  two l o c a t i o n s  
i n  s o u t h e a s t e r n  L o u i s i a n a .  C o r n f i e l d s  a t  t h e  S t .  G a b r i e l  
E x p e r i m e n t  S t a t i o n  w e re  p l a n t e d  s p e c i f i c a l l y  f o r  t h i s  s tu d y .  
P l a n t i n g  began i n  e a r l y  s p r i n g ,  and as  corn  p l a n t s  began t o  d ie  
i n  one f i e l d ,  a n o t h e r  f i e l d  was  p l a n t e d .  S a m p le s  w e re  t a k e n  i n  
1981 from 2 May u n t i l  7 August i n  two f i e l d s ,  and i n  t h r e e  f i e l d s  
from 11 May u n t i l  26 September in  1982. The o t h e r  f i e l d  s i t e  was 
6 km e a s t  of  Hammond a t  a p r i v a t e  d a i r y  farm. F i e l d s  were p lan ted  
s im u l t a n e o u s l y  r a t h e r  than  s e q u e n t i a l l y .  Four f i e l d s  were sampled 
from 19 A p r i l  u n t i l  27 J u l y  i n  1982, and fo u r  f i e l d s  were sampled 
from 24 May u n t i l  26 J u l y  i n  1983.
At t h e  S t.  G a b r ie l  l o c a t i o n ,  each f i e l d  was s u b d iv id ed  i n to  
fou r  o r  e i g h t  p l o t s  based on i t s  s i z e  and shape ,  and a s t r a t i f i e d  
random s a m p l i n g  t e c h n i q u e  (S ou thw ood  1978) was e m p lo y e d  f o r  
weekly  FAW c o l l e c t i o n .  One o r  two randomly chosen samples  o f  f i v e  
p l a n t s  e a c h  w e r e  t a k e n  i n  e a c h  p l o t ,  and  80 p l a n t s  t o t a l  were  
h a r v e s t e d  on e a c h  s a m p l i n g  d a t e ,  e x c e p t  f o r  t h e  l a s t  t h r e e  
sam pl ing  d a t e s  i n  1981, when only  40 p l a n t s  were examined. During 
p e r i o d s  o f  low p o p u l a t i o n  d e n s i t y  o r  when p l a n t s  w e r e  l a r g e  
( g r e a t e r  than  f o u r  or f i v e  f e e t ) ,  FAW were removed from th e  p la n t  
and p la ce d  i n d i v i d u a l l y  i n  cups w i th  a r t i f i c i a l  d i e t  a t  th e  f i e l d  
s i t e .  O th e rw ise ,  t h e  e n t i r e  p l a n t  from th e  crown up was removed, 
bagged, and r e t u r n e d  to  t h e  l a b o r a t o r y  f o r  ex am in a t io n .  Sampling 
was a l w a y s  d e s t r u c t i v e ;  l e a f  a x i l s ,  w h o r l s ,  t a s s e l s ,  and e a r s  
w e re  a l l  e x a m i n e d  f o r  FAW. C o l l e c t e d  l a r v a e  w e r e  s u b j e c t i v e l y  
c a t e g o r i z e d  t o  i n s t a r  by c o m p a r i s o n  t o  p r e s e r v e d  s p e c i m e n s  so 
t h a t  a w e i g h t e d  mean i n s t a r  c o u l d  be c a l c u l a t e d .  They were
d iv id e d  by l e n g th  i n t o  c a t e g o r i e s  of  s m a l l  (< 11mm), medium (11- 
25 mm), and l a r g e  (> 25 mm) f o r  a l l  o t h e r  age-dependent  a n a l y s i s .  
A l l  s u b j e c t i v e  a s s ig n m en ts  t o  i n s t a r  were  made by th e  same person  
f o r  t h e  sake  o f  u n i f o r m i t y .  The number o f  FAW pe r  p l a n t  (by s i z e  
c a t e g o r y )  and t h e  l o c a t i o n  o f  t h e  s a m p l e  i n  t h e  f i e l d  w e re  
reco rded .  Weather d a t a  t a k e n  on s i t e  were  t e m p e r a t u r e ,  r e l a t i v e  
h u m i d i t y ,  r a i n f a l l ,  and s o l a r  r a d i a t i o n .  C o l l e c t e d  l a r v a e  w e r e  
he ld  i n  i n c u b a t o r s  a t  27°C and 14:10 l i g h t : d a r k  p h o tp e r io d  u n t i l  
d e a t h  o r  a d u l t  e m e r g e n c e .  A l l  l a r v a e  t h a t  d i d  n o t  d i e  f r o m  a 
known cause  were  d i s s e c t e d ,  a p o r t i o n  of  f a t  body removed, and a 
wet mount made and examined under p h a s e - c o n t r a s t  microscopy f o r  
t h e  p r e s e n c e  o f  p a t h o g e n s .  D i s s e c t e d  l a r v a e  a l s o  w e re  e x a m i n e d  
f o r  t h e  p r e s e n c e  o f  i m m a t u r e  p a r a s i t e s .  S i n c e  l a r v a e  w e re  
r e c o r d e d  i n d i v i d u a l l y  a t  S t .  G a b r i e l ,  t h e  s i z e  c a t e g o r y  a t  
c a p t u r e  of  t h o s e  l a r v a e  dy ing  from v i r o s i s  could  be d e te r m in e d ,  
a s  w e l l  a s  s i z e  c a t e g o r y  a t  d e a t h .  The s i z e  c a t e g o r y  o f  l a r v a e  
m o s t  l i k e l y  t o  a c q u i r e  v i r o s i s  c o u l d  be d e t e r m i n e d  i n  t h i s  
manner .
At Hammond, f i e l d s  w e r e  d i v i d e d  i n t o  f o u r  p l o t s .  The 
s t r a t i f i e d  s a m p l i n g  t e c h n i q u e  was  s i m i l i a r  t o  t h a t  a t  S t .  
G a b r i e l ,  e x c e p t  t h a t  t h e  n um ber  o f  l a r v a e  p e r  p l a n t  by s i z e  
c a t e g o r y  and  t h e  l o c a t i o n  o f  t h e  s a m p l e  i n  t h e  f i e l d  w e r e  n o t  
r e c o r d e d .  An a v e r a g e  nu m b er  p e r  p l a n t  was o b t a i n e d  by d i v i d i n g  
th e  number o f  l a r v a e  c o l l e c t e d  by t h e  number of  p l a n t s  sampled. 
At l e a s t  one  f i e l d  was s a m p l e d  w e e k l y  f r o m  t h i s  l o c a t i o n .  
E n v i r o n m e n t a l  v a r i a b l e s  w e r e  m e a s u r e d  a s  a t  S t .  G a b r i e l .  A l l  
c o l l e c t e d  l a r v a e  w e r e  t r e a t e d  a s  t h o s e  c o l l e c t e d  f r o m  S t .
G a b r i e l .
S o i l  s a m p l e s  w e re  t a k e n  f ro m  b o t h  t h e  S t .  G a b r i e l  and 
Hammond f i e l d s .  T hese  s a m p l e s  w e re  c o l l e c t e d ,  p r o c e s s e d ,  and 
b i o a s s a y e d  a s  i n  Fuxa and Geaghan (1983)  i n  o r d e r  t o  e s t i m a t e  
t h e  am o u n t  o f  NPV i n  t h e  s o i l  a t  t h e  o n s e t  o f  e a c h  s e a s o n .  S o i l  
was a ssay ed  from a l l  f i e l d s  i n  1981 and 1982, and from two of  the  
fo u r  f i e l d s  i n  1983.
D a ta  w e re  c o l l e c t e d  f o r  t h e  v a r i a b l e s  i n  T a b l e  3 .1 .  The 
p e r c e n t a g e s  o f  m o r t a l i t y  c a u s e d  by NPV and GV i n f e c t i o n s  and 
p a r a s i t i s m  by t h r e e  p a r a s i t e s  ( i d e n t i f i e d  a t  LSU) w e r e  
t r a n s f o r m e d  t o  an a r c s i n  s q u a r e  r o o t  due t o  t h e  many low 
p e r c e n t a g e s  o b t a i n e d .  The d a t e  f u n c t i o n ,  w h ic h  u s e s  1 J a n u a r y  
1960 a s  a b a s e l i n e ,  c a l c u l a t e s  t h e  n um ber  o f  d a y s  w h ic h  have  
p a s s e d  b e t w e e n  t h e  b a s e l i n e  and t h e  s a m p l e  d a t e .  A l l  v a r i a b l e s  
d e a l i n g  w i t h  number o f  l a r v a e / p l a n t  were  con v er ted  to  t h e i r  log 
v a l u e s .  V a r i a b l e s  11-14  w e r e  n o t  u s e d  f o r  Hammond b e c a u s e  
i n d i v i d u a l  f i e l d s  w e re  n o t  n e c e s s a r i l y  s a m p l e d  w e e k l y ,  and 
i n f o r m a t i o n  from th e  p re v io u s  week was no t  a lways  a v a i l a b l e  f o r  a 
g iven  f i e l d .  V a r i a b l e s  15 and 16 were no t  measured f o r  Hammond. 
D e g ree  day  was c a l c u l a t e d  a s  i n  Fuxa and  Geaghan (1 9 8 3 ) ,  e x c e p t  
t h a t  a  t h r e s h h o l d  t e m p e r a t u r e  o f  15°C was u s e d ,  w h ic h  more 
c l o s e l y  c o r r e s p o n d s  t o  t h e  d e v e l o p m e n t a l  t h r e s h h o l d  o f  FAW 
( B a r f i e l d  e t  a l .  1978) .  B o th  a v e r a g e  w e e k l y  t e m p e r a t u r e  and 
d e g r e e  day  w e re  i n v e s t i g a t e d  i n  t h e  e v e n t  t h a t  a t e m p e r a t u r e  
dependent p ro c e s s  which was no t  l i n k e d  t o  FAW development might 
be i m p o r t a n t .  S o l a r  r a d i a t i o n  was m e a s u r e d  w i t h  a m e c h a n i c a l  
py ronom ete r  as  g m /c a l s  of energy  per  second.
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F o r  s a m p l e  d a t e s  a t  S t .  G a b r i e l ,  t h e  mean and  v a r i a n c e  of  
t h e  n u m b e r  o f  l a r v a e  i n  e a c h  o f  t h e  f i v e - p l a n t  s a m p l e s  was 
c a l c u l a t e d .  The v a r i a n c e  t o  mean r a t i o  was t h e n  c a l c u l a t e d  and 
u s ed  a s  a m e a s u r e  o f  a g g r e g a t i o n  (S ou thw ood  1978, T a y l o r  1984).  
T h i s  f a c t o r  i s  o f  i n t e r e s t  when i n v e s t i g a t i n g  c o m m u n ic ab le  
d i s e a s e s .
D a ta  w e r e  a n a l y z e d  w i t h  p r o c e d u r e s  f ro m  t h e  S t a t i s t i c a l  
A n a l y s i s  S y te m ,  SAS (SAS I n s t i t u t e ,  C a r y ,  N.C.). V a r i a b l e s  were  
s e l e c t e d  f o r  m u l t i p l e  r e g r e s s i o n  by use  o f  R v a l u e s ,  Mallows Cp 
s t a t i s t i c  ( D a n i e l  and  Wood 1 9 7 1 ) ,  a n d  f o r w a r d  s t e p w i s e  
r e g r e s s i o n .  Cp i s  c a l c u l a t e d  as  an o p t i o n  under bo th  th e  RSQUARE 
and STEPWISE p rocedures .  An RSQUARE a n a l y s i s  was run  f i r s t  w i th  
e i t h e r  ANPV o r  AGV a s  t h e  d e p e n d e n t  v a r i a b l e  and  v a r i a t e s  3 -23  
( T a b l e  3 .1 )  a s  t h e  r e g r e s s o r  v a r i a b l e s .  F o r w a r d  s t e p w i s e  
r e g r e s s i o n  was th e n  run.  V a r i a b l e s  t h a t  had an R r e l a t i v e  t o  th e  
dependent  v a r i a b l e  of  l e s s  t h a n  0.02 and were no t  s e l e c t e d  by the  
s t e p w i s e  r e g r e s s i o n  w e re  rem o v ed  f r o m  t h e  r e g r e s s o r  v a r i a b l e  
l i s t ,  and  t h e  RSQUARE a n a l y s i s  was r u n  a g a i n .  C o m b i n a t i o n s  o f  
v a r i a b l e s  w e re  s e l e c t e d  f r o m  t h e  s t e p w i s e  r e g r e s s i o n  and b o th  
RSQUARE a n a l y s e s  by t h e i r  a s s o c i a t e d  R and Cp v a l u e s  and 
i n s e r t e d  i n t o  m u l t i p l e  r e g r e s s i o n  models.  When Cp was c a l c u l a t e d ,  
t h e  e r r o r  mean s q u a r e  f o r  t h e  c o m p l e t e  model (a  m ode l  i n  w h ich  
a l l  v a r i a b l e s  i n  t h e  r e g r e s s o r  o r  independent  v a r i a b l e  l i s t  a r e  
i n c l u d e d ,  i r r e s p e c t i v e  of w h e th e r  STEPWISE or  RSQUARE i n d i c a t e s  
t h e y  a r e  i m p o r t a n t )  was u s e d  a s  a m e a s u r e  o f  v a r i a n c e .  When t h e  
r e g r e s s o r  v a r i a b l e  l i s t  i n c l u d e s  v a r i a b l e s  which have no e f f e c t  
on t h e  m o d e l ,  t h e n  t h i s  n u m b e r  i s  b i a s e d  w i t h  r e s p e c t  t o  t h e
39
TABLE 3 .1  V a r i a b l e s  t e s t e d  f o r  i n c l u s i o n  i n  f a l l  armyworm NPV 
m u l t i p l e  r e g r e s s i o n  models .
Number V a r i a t e Source Trans fo rm at ion
1 M PX* % m o r t a l i t y  due t o  NPV A rcs in Sqr2 AGV % m o r t a l i t y  due to  GV A rcs in Sqr
3 ACHEL % m o r t a l i t y  due t o  Chelonus sp . A rcs in Sqr
4 AROGAS % m o r t a l i t y  due to  R. laphygmae Arcs in Sqr
5 APANT % m o r t a l i t y  due t o  C. m a r g i n i v e n t r i s A rcs in Sqr
6 DATE # of  days e l a p s e d  s i n c e  1 J a n .  1960
7 LSMALL # o f  smal l  l a r v a e / p l a n t log
8 LMED # o f  medium l a r v a e / p l a n t log
9 LLARGE # of  l a r g e  l a r v a e / p l a n t log
10* LNUM t o t a l  # of  l a r v a e / p l a n t log
U * LAGSMALL # o f  smal l  l a r v a e / p l a n t  l a s t  sample log12 LAGMED # of  medium l a r v a e / p l a n t  l a s t  sample log
13* LAGLRG // o f  l a r g e  l a r v a e / p l a n t  l a s t  sample log14* LAGNUM t o t a l  # of  l a r v a e / p l a n t  l a s t  sample log
15* AVINSTAR weigh ted  mean i n s t a r16 VMRATIO v a r ian ce /m ean  r a t i o  ( in d e x  of 
a g g r e g a t io n )
17 HOSTHT h e i g h t  o f  co rn  p l a n t
18 SOILNPV % i n f e c t i o n  from s o i l  b io a s s a y  sample
19 AVTEMP mean t e m p e ra tu re  s i n c e  l a s t  sample
20 DEGDAY degree  days  accumula ted s in c e  l a s t  
sample
21 RAIN r a i n f a l l  accumula ted  s i n c e  l a s t  
sample
22 AVRH mean r e l a t i v e  hum id i ty  s i n c e  l a s t  
sample
23 SOLRAD mean s o l a r  r a d i a t i o n  s i n c e  l a s t  
sample
* *
S t .  G a b r i e l  d a t a  only  
Hammond d a t a  only
c a l c u l a t i o n  o f  Cp, and m o d e l s  t h a t  w i l l  g e n e r a t e  s i g n i f i c a n t  
p a ra m e te r  v a lu e s  a r e  over looked .  When t h e s e  un im por tan t  v a r i a b l e s  
a r e  e l i m i n a t e d  ( t h e  0.02 v a lu e  i s  a r b i t r a r y ) ,  then more v a r i a b l e  
co m b in a t io n s  emerge f o r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .
R e s u l t s
In  t h e  S t .  G a b r i e l  c o r n f i e l d s ,  754 and 1403 FAW were  
c o l l e c t e d  i n  1981 (15 s a m p l e  d a t e s )  and 1982 (20 d a t e s ) ,
r e s p e c t i v e l y .  In  Hammond, t h e  numbers were 2177 and 385 c o l l e c t e d  
i n  1982 (31 s a m p l e s  on 14 d a t e s )  and 1983 (9 s a m p l e s ,  7 d a t e s ) ,  
r e s p e c t i v e l y .
FAW l a r v a e  were  most abundant i n  co rn  a t  both  s i t e s  towards  
t h e  end o f  t h e  g r o w i n g  s e a s o n  ( F i g s .  3.1 and 3 .2 ) .  At l e a s t  t h r e e  
g e n e r a t i o n s  p e r  y e a r  a p p e a r e d  i n  S t .  G a b r i e l .  D i s c r e t e  
g e n e r a t i o n s  were  h a r d e r  to  d i s c e r n  a t  Hammond due t o  o ve r lapp ing  
o v i p o s i t i o n .  Peak p o p u la t i o n s  were more dense  a t  S t .  G ab r ie l  but 
appeared  e a r l i e r  i n  t h e  season  a t  Hammond.
F i g u r e s  3.3 and 3.4 p r e s e n t  t h e  s e a s o n a l  p r e v a l e n c e  o f  t h e  
NPV d i s e a s e  a t  St .  G ab r ie l  and Hammond, r e s p e c t i v e l y .  F igu re  3.4 
a l s o  shows th e  p e r c e n t  i n f e c t i o n  by a GV du r in g  1983 i n  Hammond. 
The GV d i s e a s e  was r a r e  a t  S t .  G ab r ie l  and occur red  only  s p o ra d i ­
c a l l y  a t  Hammond i n  1982. P a t t e r n s  o f  NPV p r e v a l e n c e  w e re  d i f ­
f e r e n t  a t  t h e  two l o c a t i o n s .  At S t.  G a b r i e l ,  NPV i n f e c t i o n s  were 
d e t e c t e d  l a t e r  i n  t h e  season ,  and p re v a le n c e  peaked a b r u p t ly .  In  
Hammond NPV i n f e c t i o n s  w e re  d e t e c t e d  r e l a t i v e l y  e a r l y  i n  th e  
season ,  and p r e v a le n c e  i n c r e a s e d  a t  an a lm o s t  c o n s t a n t  r a t e  to  
h ig h e r  l e v e l s  than  a t  St .  G a b r i e l .  M o r t a l i t y  never  reached  15% a t  
S t .  G a b r i e l ,  w h i l e  i t  was over  40% a t  Hammond.
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Figure 3.1 Seasonal density of fall armyworm populations in corn­
fields at St. Gabriel, LA., 1981 and 1982.
6 -r
5 -
4 -
ST. G A B R I E L  
□ 1981  
A1 98 2
0
98 119 140 161 182
W E E K  E N D I N G
203 224 245 266 287 
J U L I A N  D A T E
-P>ho
F i g u r e  3 .2  Seasonal d e n s i t y  o f  f a l l  armyworm p o p u l a t i o n s  i n  corn­
f i e l d s  a t  Hammond, LA., 1982 and 1983. Each  l i n e  r e p r e s e n t s  t h e  
av e rag e  o f  t h e  f i e l d s  sampled  on a g iv en  d a te .
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F i g u r e  3 . 3  P r e v a l e n c e  o f  a n u c l e a r  p o l y h e d r o s i s  v i r u s  i n  
p o p u l a t i o n s  o f  f a l l  a rmyworm f e e d i n g  i n  c o r n f i e l d s  a t  S t .  
G a b r i e l ,  LA, 1981 and 1982.
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F i g u r e  3 . 4  P r e v a l e n c e  o f  a n u c l e a r  p o l y h e d r o s i s  v i r u s  and 
g r a n u l o s i s  v i r u s  i n  p o p u l a t i o n s  o f  f a l l  a rmyworm f e e d i n g  i n  
c o r n f i e l d s  a t  Hammond, LA., 1982 and 1983. Each l i n e  r e p r e s e n t s  
th e  average  of  t h e  f i e l d s  sampled on a g iven  d a te .
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The p r e v a l e n c e  c u r v e s  g e n e r a l l y  r e s e m b l e  t h o s e  o f  Fuxa
(1982),  Hamm and Hare (1982),  and Schwehr and G a rd ine r  (1982) fo r  
armyworm fe e d in g  i n  corn  and sorghum, i n  t h a t  NPV p re v a len c e  was 
g r e a t e s t  l a t e r  i n  t h e  season .  The cu rves  from Hammond do no t  have 
a descend ing  arm ( p o s t e p i z o o t i c  p h a se  -  S t e i n h a u s  1954) b e c a u s e  
th e  co rn  was h a r v e s t e d  and f u r t h e r  sam ples  could  no t  be taken.
One of  t h e  main p o i n t s  under  s tudy  was the  d e t e r m i n a t i o n  of 
which l a r v a e  a cq u i r ed  v i r u s  i n f e c t i o n .  Of t h e  NPV-infec ted l a rv a e  
c o l l e c t e d  a t  St .  G a b r i e l ,  on ly  16% had a c q u i r e d  t h e  v i r u s  i n  the  
s m a l l  s t a g e  ( T a b le  3 .2 ) .  D e a th  was d e l a y e d  u n t i l  t h e  medium o r  
l a r g e  s t a g e .  Of a l l  l a r v a e  c o l l e c t e d  a t  S t .  G a b r i e l  (b o th  
i n f e c t e d  and  u n i n f e c t e d ) ,  40% w e re  s m a l l ,  41% w e r e  medium,  and 
19% were l a r g e .
F ig u r e s  3.5 and 3.6 show t h e  sp read  o f  NPV d i s e a s e  i n  FAW a t  
S t .  G a b r i e l .  Each d o t  r e p r e s e n t s  a s a m p l i n g  l o c a t i o n  w here  
d i s e a s e d  i n s e c t s  were r e c o v e r e d ,  and p o i n t s  accum ula te  from week 
t o  week. When t h e  d i s e a s e  was  f i r s t  f o u n d  i n  a p o p u l a t i o n ,  i t  
a p p a r e n t l y  r a d i a t e d  from a s i n g l e  locus .  However, o t h e r  l o c i  may 
soon form,  and th e  d i s e a s e  s p r e a d s  th ro u g h o u t  th e  p o p u la t io n .
Data from th e  two f i e l d  s i t e s  were ana lyzed  in d e p e n d e n t ly  by
m u l t i p l e  r e g r e s s i o n  (Table  3.3). SOILNPV was a s i g n i f i c a n t  f a c t o r
on ly  i n  model A, where i t  had a n e g a t i v e  i n f l u e n c e .  When SOILNPV
o
was removed from c o n s i d e r a t i o n ,  model B emerges.  The b e s t  R t h a t  
cou ld  be o b ta in e d  w i t h  th e  Hammond d a t a  was 0.45, bu t  th e  models 
c o n t a i n  f e w e r  v a r i a b l e s  t h a n  t h o s e  c o n s t r u c t e d  f ro m  t h e  S t .  
G a b r i e l  d a t a .  Two m o d e l s  a r e  shown,  one  o f  w h ic h  c o n t a i n s  o n ly  
c l i m a t i c  v a r i a b l e s .  E x c e p t  f o r  v a r i a b l e  ACHEL i n  model C ( t h e
TABLE 3 .2  D i s t r i b u t i o n  of  i n f e c t i o n  and m o r t a l i t y  i n  f i e l d  c o l l e c t e d  
l a r v a e .  A l l  l a r v a e  summarized below had a v i r u s  i n f e c t i o n  
when c a p tu r e d .
F i e l d  c o l l e c t e d  l a r v a e  F i e l d  c o l l e c t e d  l a rv a e  
S ize  c a t e g o r y  w i th  i n f e c t i o n  dying  from i n f e c t i o n
Small 16% 0%
Medium 58% 57%
Large 26% 43%
TABLE 3.3 Multiple regression analyses of NPV prevalence in populations of fall armyworm.
St. Gabriel and Hammond data analyzed separately.3
S t .  G a b r ie l  Hammond
Model A Model B Model C Model D
Paramete r  Parameter  Paramete r  Parameter
V a r i a t e s  E s t im a te s  p E s t im a te s  p E s t im a te s  p E s t im a te s
ACHEL
DATE
LLARGE
LNUM
LAGLRG
AVINSTAR
HOSTHT
SOILNPV
AVTEMP
DEGDAY
RAIN
SOLRAD
I n t e r c e p t
P
df
0.5703*.2327 .018
0.00025*.00008 .004
0.0920±.0311 .008
0.1026*.0315 .005
0.0910*.0307 .009
0.0369±.0144 .018 0.0597*.0183 .005
0.0016*.0006 .010 0.0013*.0006 .040
-0 .0502* .0160  .005
0.0127*.0039 .004 0.0222*.0074 .004
0.00094*.0004 .039 0.0039*.0010
-0 .0437* .0184  .022 -0 .0352*.0188
-0 .4682* .1377  .001 -0 .4296*.1432
-0 .9346 -2 .3030 -0 .9771 0.2304
0.69 0.77 0.45 0.41
0.0002 0.0001 0.0001 0.0001
25 24 50 50
<.001
.067
.004
aS0ILNPV in c lu d e d  i n  models A,C, and D. Model D r e s u l t s  i f  v a r i a b l e  ACHEL i s  no t  in c lu d ed  i n  model C.
b e s t  model  f o u n d ) ,  NPV p r e v a l e n c e  i n  Hammond i s  b e s t  e x p l a i n e d  
w i th  c l i m a t i c  v a r i a b l e s .  Rain and s o l a r  r a d i a t i o n  appeared  to  be 
t h e  most im p o r ta n t  v a r i a b l e s  and had a n e g a t i v e  i n f l u e n c e .  Degree 
day was r e p l a c e d  by average  t e m p e r a t u r e  i n  model C, but both  had 
a p o s i t i v e  e f f e c t  on p r e v a len c e .
A m ode l  c o u l d  n o t  be f o u n d  f o r  GV p r e v a l e n c e  i n  Hammond i n  
1983. A l t h o u g h  s e v e r a l  w e r e  t e s t e d ,  s i g n i f i c a n t  p a r a m e t e r  
e s t i m a t e s  cou ld  no t  be g e n e r a te d .
The combined S t .  G a b r ie l  and Hammond d a t a  a l s o  were analyzed 
by m u l t i p l e  r e g r e s s i o n  ( T a b l e  3 .4 ) .  F o u r  m o d e l s  a r e  p r e s e n t e d
w h ic h  show d i f f e r e n t  v a r i a b l e s  o f  i n t e r e s t  and t h e i r  a f f e c t  on
2
t h e  R and on t h e  d e p e n d e n t  v a r i a b l e .  V a r i a b l e s  w e re  a l m o s t  
e v e n l y  s p l i t  b e t w e e n  t h o s e  r e l a t i n g  t o  e n v i r o n m e n t  and t h o s e  
r e l a t i n g  t o  h o s t .  The  n u m b e r  o f  l a r v a e  p e r  p l a n t  i n  t h e  
p o p u l a t i o n  i s  now f o u n d  i n  a l l  f o u r  m o d e l s .  R e l a t i v e  h u m i d i t y ,  
which d id  n o t  appear  i n  th e  i n d i v i d u a l  s i t e  a n a l y s e s ,  emerged as 
an  i m p o r t a n t  v a r i a b l e  w i t h  a n e g a t i v e  e f f e c t .  D eg ree  day 
d i s a p p e a r e d  c o m p l e t e l y  i n  f a v o r  o f  a v e r a g e  t e m p e r a t u r e .  The 
number of  sm a l l  l a r v a e  i n  t h e  p o p u la t i o n  had a n e g a t i v e  i n f l u e n c e  
on p r e v a l e n c e  and was  a s i g n i f i c a n t  v a r i a b l e  i n  m o d e l s  1 and 2. 
S o l a r  r a d i a t i o n ,  t h e  m o s t  s i g n i f i c a n t  v a r i a b l e  i n  Hammond, i s  
found i n  model 4, a g a in  w i th  a n e g a t i v e  e f f e c t .
The Cp s t a t i s t i c  proved u s e f u l  i n  s e l e c t i n g  models  t h a t  had 
s i g n i f i c a n t  p a r a m e t e r  e s t i m a t e s .  H ow ever ,  i t  n e v e r  c h o s e  t h e  
model w i t h  th e  h i g h e s t  R as  t h e  optimum model. For i n s t a n c e ,  i n  
Table  3.3,  Cp i n d i c a t e d  t h a t  models  A and D were l e s s  b ia sed  than 
m o d e l s  B and C, and  t h a t  m ode l  2 i n  T a b l e  3.4 was l e s s  b i a s e d
TABLE 3.4 Multiple regression analysis of NPV prevalence in populations of fall armyworm.
St. Gabriel and Hammond combined.a
Model 1 Model 2 Model 3 Model 4
V a r i a t e s
Parameter
E s t im a te s P
Parameter
E s t im a te s P
Paramete r
Es t im a te s P
Parameter
Es t im a te s P
LSMALL
LNUM
HOSTHT
AVTEMP
AVRH
SOLRAD
- 0 .0 5 3 U .0 2 5 8  
0 .0 7 5 2 1 ,Q323
0.0145±.0059
-0 .0095±.0025
.043
.023
.016
<.001
-0 .0675±.0257 
0.11441.0285 
0.00151.0007
-0 .00581 .0023
.011
<.001
.033
.013
0.07001.0329
0.01671.0059
-0 .0 1 0 0 i .0 0 2 6
.037
.006
<.001
0.07821.0334 
0.01251.0057 
-0 .02221.0066
.022
.030
.001
I n t e r c e p t
R2
P
df
-0 .3172
0.34
0.0001
75
0.4910
0.32
0.0001
75
-0 .4266
0.30
0.0001
75
-0 .7259
0.27
0.0001
75
aThese models a r e  t h e  f o u r  b e s t  from th e  a n a l y s i s .  A l l  a r e  p re s e n te d  to  dem ons t ra te  th e  e f f e c t  of  
v a r i a b l e s  o f  i n t e r e s t  on th e  R v a lu e  and on th e  dependent  v a r i a b l e .
U 1w
than  model 1.
D i s c u s s i o n
When t h e  a n a l y s e s  f r o m  t h e  i n d i v i d u a l  f i e l d  s i t e s  a r e  
e x a m i n e d ,  c o n f l i c t i n g  c o n c l u s i o n s  r e s u l t .  The Hammond a n a l y s i s  
s u p p o r t s  t h e  c o n c l u s i o n  t h a t  NPV p r e v a l e n c e  i s  a b i o t i c a l l y  
r e g u l a t e d  and t h a t  p o p u la t i o n  d e n s i t y  p l a y s  no r o l e ,  whereas  hos-t 
p o p u l a t i o n  p a r a m e t e r s  a c c o u n t  f o r  much o f  t h e  v a r i a t i o n  a t  S t .  
G a b r ie l .  Although s i x  of  the  p o p u l a t i o n  p a r a m e te r s  a t  St .  G abr ie l  
could  no t  be examined a t  Hammond, only  one ,  LAGLRG, appeared  in  
t h e  St.  G a b r ie l  a n a ly s e s .  When d a t a  from b o th  a r e a s  a r e  combined, 
t h e  most i m p o r t a n t  v a r i a b l e ,  LNUM, i s  a h o s t  p o p u la t i o n  v a r i a b l e .  
However, t h r e e  e n v i ro n m en ta l  v a r i a b l e s  s t i l l  appear  i n  t h e  model.
C o n s i d e r i n g  t h e  i n f o r m a t i o n  i n  T a b l e  3 . 2 ,  i t  i s  n o t  
s u r p r i s i n g  t h a t  s m a l l  l a r v a e  h a v e  a n e g a t i v e  i m p a c t  on v i r u s  
p r e v a len c e .  Although sm a l l  l a r v a e  a r e  s e v e r a l  thousand t im e s  more 
s u c e p t i b l e  t h a n  medium l a r v a e  and  may be  o v e r  a m i l l i o n  t i m e s  
more s u s c e p t i b l e  th a n  l a r g e  l a r v a e  to  NPV i n f e c t i o n  ( M i t c h e l l  and 
Fuxa, u n p u b l i s h e d ) ,  t h i s  s i z e  group does no t  o f t e n  a c q u i r e  o r  d ie  
f ro m  NPV i n f e c t i o n .  I n  t h e  S t .  G a b r i e l  m o d e l s  ( T a b l e  3 .3 ,  A and 
B), d e n s i t y  o f  l a r g e  l a r v a e ,  e i t h e r  LLARGE o r  LAGLRG, e n t e r e d  as  
s i g n i f i c a n t  v a r i a b l e s ,  w h ic h  i s  i n  a g r e e m e n t  w i t h  T a b l e  3.2. 
Medium l a r v a e  d id  n o t  e n t e r  i n t o  any of  t h e  models ,  excep t  when 
combined i n t o  th e  v a r i a b l e  LNUM.
SOILNPV a p p e a r s  o n l y  i n  S t .  G a b r i e l  model A, w h e re  i t s  
n e g a t i v e  e f f e c t  i s  b o t h  c o u n t e r - i n t u i t i v e  and a t  odds  w i t h  
r e s u l t s  f r o m  p a s t u r e s  (Fuxa and Geaghan 1983).  T h e r e  i s  no good 
e x p l a n a t i o n  f o r  t h i s  r e s u l t ,  and i t  i s  l i k e l y  an e r r o r  o f  s m a l l
sample  s i z e .  This  v a r i a b l e  was n o t  s i g n i f i c a n t  i n  t h e  Hammond or  
c o m b in e d  a n a l y s e s ,  and  model  B, w h ic h  h a s  a h i g h e r  R , i s  
a v a i l a b l e  f o r  St .  G a b r ie l  and does  no t  i n c l u d e  i t .
V a r i a b l e s  d e a l i n g  w i t h  m o i s t u r e  -  r a i n  and average  r e l a t i v e  
h u m id i ty  -  bo th  had n e g a t i v e  e f f e c t s  on NPV p re v a len ce .  R e la t iv e  
h u m i d i t y  p r o b a b l y  d i d  n o t  d i r e c t l y  a f f e c t  t h e  v i r u s  b u t  r a t h e r  
i n f l u e n c e d  t h e  h o s t  o r  p e r h a p s  t h e  h o s t  p l a n t  o r  m i c r o c l i m a t e .  
R a i n  may w ash  away i n f e c t e d  l a r v a e  w h ic h  a r e  weak o r  h ave  j u s t  
d i e d ,  b u t  i t  i s  u n l i k e l y  t h a t  p o l y h e d r a  a r e  r em oved  f rom  the  
p l a n t  s u r f a c e s  by w a t e r  a c t i o n  ( J a q u e s  1977) .  Fuxa and Geaghan 
(1983) found r a i n  t o  be a p o s i t i v e  i n f l u e n c e  on v i r u s  p reva lence  
i n  FAW p o p u l a t i o n s  f e e d in g  i n  g r a s s  p a s t u r e s .  They hypothes ized  
t h a t  r a i n  s p l a s h e d  v i r u s  f ro m  t h e  s o i l  on t o  t h e  h o s t  p l a n t s ,  a 
c o n c l u s i o n  t h a t  i s  s u p p o r t e d  by t h e  f a c t  t h a t  s o i l  NPV l e v e l s  
w e r e  an i m p o r t a n t  p o s i t i v e  e f f e c t  and  h o s t  h e i g h t  a n e g a t i v e  
e f f e c t .  I n  t h e  c u r r e n t  s t u d y ,  t h e  e f f e c t  o f  r a i n ,  s o i l  NPV 
l e v e l s ,  and  h o s t  h e i g h t  a r e  a l l  r e v e r s e d .  S i n c e  h o s t  h e i g h t  and 
number o f  l a r v a e  a r e  bo th  p o s i t i v e  i n f l u e n c e s  on NPV preva lence  
i n  c o r n ,  i t  i s  p r o b a b l e  t h a t  b i g g e r  p l a n t s  s i m p l y  h a v e  more 
s u r f a c e  ( e a r s ,  t a s s e l s ,  l e a f  a x i l s )  and w i l l  s u p p o r t  more  l a r v a e  
and t h e r e f o r e  more v i r u s .
The n e g a t i v e  i n f l u e n c e  of  s o l a r  r a d i a t i o n  on b a cu lo v i ru se s  
h a s  b e en  d o c u m e n t e d  (D av id  1978 ,  Young 1978).  A l t h o u g h  t h i s  
v a r i a b l e  d id  n o t  appea r  i n  th e  S t.  G a b r ie l  models or  t h e  optimum 
combined m ode ls ,  i t s  i n f l u e n c e  was n e g a t i v e  when p r e s e n t .  Degree 
d ay  a p p e a r e d  i n  b o t h  s i t e  a n a l y s e s -  A l th o u g h  i t  i s  r e p l a c e d  by 
a v e r a g e  t e m p e r a t u r e  i n  t h e  com bined  a n a l y s i s .  Fuxa and Geaghan
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(1983)  f o u n d  t h a t  d a t e  s u p p r e s s e d  t h e  e n t r y  o f  d e g r e e  day  i n t o  
th e  r e g r e s s i o n  models f o r  NPV p re v a len c e  i n  p a s t u r e s ,  but i n  the  
c u r r e n t  s t u d y  d a t e  e n t e r e d  o n l y  i n  t h e  S t .  G a b r i e l  a n a l y s e s ,  i n  
a c c o m p a n i m e n t  w i t h  d e g r e e  d a y .  T he  p r e s e n c e  o f  a v e r a g e  
t e m p e r a t u r e  i n  models f o r  t h e  combined d a t a  s e t s  may i n d i c a t e  a 
t e m p e r a t u r e  d e p e n d e n t  p r o c e s s  t h a t  i s  n o t  r e l a t e d  t o  FAW 
development t h r e s h h o ld s .
One v a r i a b l e  t h a t  d id  no t  e n t e r  i n t o  t h e  S t.  G abr ie l  models 
i s  VMRATIO, an in dex  of  a g g re g a t io n .  Although o t h e r  i n d i c e s  a re  
a v a i l a b l e ,  v a r i a n c e  t o  mean r a t i o s  a r e  t h e  s i m p l e s t  ( T a y l o r  
1984).  Iw ao  (1 9 7 0 ) ,  u s i n g  m-m r e g r e s s i o n s ,  fo u n d  t h a t  an  NPV 
d i s e a s e  i n  p o p u l a t i o n s  o f  t h e  w e s t e r n  t e n t  c a t e r p i l l a r  
( M a la c o so m a  c a l i f  o r n i c u m ) a l s o  d i d  n o t  h ave  a c o n t a g i o u s  
d i s p e r s i o n ,  o r ,  i n  o t h e r  words ,  i t s  appearance  i n  c o l o n i e s  was 
random. Th is  unexpected f i n d i n g  was h y p o th e s ize d  t o  be the  r e s u l t  
o f  l a t e n t  o r  t r a n s o v a r i a l  i n f e c t i o n s .  T r a n s o v a r i a l  t r a n s m i s s i o n  
o f  t h e  FAW NPV h a s  n o t  b e e n  n o t e d  i n  t h i s  l a b o r a t o r y ,  but 
M cK in ley  e t  a l .  (1981)  p r o v i d e  s t r o n g  e v i d e n c e  o f  NPV b e in g  
l a t e n t  i n  Spodopte ra  l i t t o r a l i s .
E f f e c t s  o f  p a r a s i t i s m  by t h e  t h r e e  m os t  common s p e c i e s  o f  
p a r a s i t e  -  C o te s ia  (A pan te les )  m a r g i n i v e n t r i s , Rogas  l a p h y g m a e , 
and  C h e l o n u s  sp .  -  w e re  t e s t e d .  C^ _ m a r g i n i v e n t r i s , which  
o v i p o s i t s  i n  f i r s t  i n s t a r  l a r v a e ,  i s  a known v e c t o r  o f  lawn 
armyworm ( S p o d o p t e r a  e x e m p t a ) NPV ( T a m a s h i r o  1968) ,  w h i l e  R. 
laphygmae p a r a s i t i z e s  l a t e  f i r s t  i n s t a r  l a r v a e  o f  FAW ( V ic k e r y  
1929) and may a l s o  be c ap a b le  of  m e ch a n ic a l ly  moving th e  v i r u s  on 
i t s  o v i p o s i t o r .  C h e l o n u s  s p .  p a r a s i t i z e s  t h e  eg g s  o f  FAW and i s
n o t  a l i k e l y  c a n d i d a t e  f o r  v i r u s  v e c t o r i n g .  H ow ever ,  i t  was t h e  
o n l y  s p e c i e s  t o  a p p e a r  i n  a m ode l  ( T a b l e  3 .3 ,  model  C). The 
p o s i t i v e  i n f l u e n c e  may be b e s t  e x p l a i n e d  by a w e a k e n i n g  o f  th e  
l a r v a e ,  p r e d i s p o s i n g  them t o  i n f e c t i o n .  Chelonus sp. emerges  from 
t h e  f o u r t h  i n s t a r  o f  i t s  h o s t  ( V i c k e r y  1929) ,  a s t a g e  p r o n e  t o  
a c q u i r e  v i r u s  ( T a b l e  3 .2 ) .  S i n c e  b o t h  C^ _ m a r g i n i v e n t r i s  and R. 
laphygmae p a r a s i t i z e  th e  s m a l l  h o s t s ,  they  would be u n l i k e l y  to  
en co u n te r  NPV i n f e c t e d  l a r v a e  from which to  become con tam ina ted .
The f i e l d s  used f o r  s t u d y in g  NPV d i s e a s e  sp re ad ,  d e p ic t e d  i n  
F i g u r e s  3.5 and 3 .6 ,  w e re  t o o  s m a l l  f o r  r e l i a b l y  a s c e r t a i n i n g  
d i r e c t i o n  of  movement. In  1981, i t  i s  d i f f i c u l t  t o  d e te r m in e  i f  
t h e r e  was  m ore  t h a n  one  e p i c e n t e r  o f  d i s e a s e ,  o r  i f  t h e  d i s e a s e  
moved i n  a w a v e - l i k e  f a s h i o n  from a s i n g l e  locus .  The 1982 f i e l d  
had  s e v e r a l  d i s t i n c t  e p i c e n t e r s ,  w i t h  t h e  d i s e a s e d  FAW o f t e n  
a p p e a r i n g  a t  t h e  f i e l d  m a r g i n s .  The e d g e s  o f  b o t h  f i e l d s  were  
l a r g e l y  c o m p o s e d  o f  s i g n a l g r a s s ,  B r a c h i a r i a  p l a t y p h y l l a  
( G r i s e b a c h )  N ash ,  one o f  t h e  g r a s s e s  w h ic h  Fuxa  and Geaghan
(1983)  f o u n d  t o  be a p o s i t i v e l y  c o r r e l a t e d  w i t h  NPV p r e v a l e n c e .  
E a r l y  i n  t h e  m o r n i n g ,  l a r g e  FAW l a r v a e  w e re  o b s e r v e d  moving  i n  
t h e  g r a s s  a t  t h e  f i e l d  b o r d e r s  and c o u l d  e a s i l y  h a v e  moved th e  
v i r u s  i n t o  t h e  c o r n f i e l d .  Fuxa  (1982)  d o c u m e n te d  a l a g  i n  NPV 
p re v a le n c e  i n  co rn  and sorghum v e r s u s  p a s t u r e s  and hypo thes ized  
i t  was caused  by h o s t  p l a n t  h e i g h t  p r e v e n t in g  a b i o t i c  a g e n t s  from 
moving th e  NPV. S ince  h o s t  p l a n t  h e i g h t  and number pe r  p l a n t  were 
s i g n i f i c a n t l y  p o s i t i v e  f a c t o r s  i n  t h i s  s tu d y ,  and s i n c e  d i sea sed  
FAW a p p e a r e d  o f t e n  a t  f i e l d  m a r g i n s ,  i t  may be t h a t  c o n t i n u o u s  
i n o c u l a t i o n  o f  c o r n f i e l d s  by NPV i n f e c t e d  l a r v a e  f ro m  g r a s s  i s
Figure 3.5 D i s t r i b u t i o n  map o f  an NPV i n  a c o r n f i e l d  i n  1981. 
P o i n t s  a r e  c u m u la t iv e  from week to  week and r e p r e s e n t  a sampling 
l o c a t i o n  where NPV was found i n f e c t i n g  FAW l a r v a e .
JULY 10
JULY 16
JULY 2 3
JULY 31
Figure 3.6 D i s t r i b u t i o n  map o f  an NPV i n  a c o r n f i e l d  i n  1982. 
P o i n t s  a r e  c u m u la t iv e  from week to  week and r e p r e s e n t  a sam pl ing  
l o c a t i o n  where NPV was found i n f e c t i n g  FAW l a r v a e .
61
AUG. 2 0
• • O
AUG. 2 7
•
• » •
SEPT. 3
•
• • •
•
• •
•
SEPT. 10
© •
©
•
•
© © •1
©
• ©
• ••©
•
•
•
SEPT. 17
• • ©
• © •
•
•
• • • © • ••
©
•
•
•
i m p o r t a n t  i n  i n i t i a t i n g  t h e  d i s e a s e  i n  c o r n - f e e d i n g  l a r v a e .  
Under t h e  r i g h t  c o n d i t i o n s ,  d i s e a s e  c a n  t h e n  s p r e a d  and  be 
m a in t a in e d  i n  t h e  c o r n f i e l d .  A t h r e s h o l d  f o r  d i s e a s e  main tenance  
was p o s t u l a t e d  by Hamm and Hare (1982) when n a t u r a l  i n f e s t a t i o n s  
o f  FAW i n v a d e d  t h e i r  f i e l d  p l o t s  o f  c o r n .  More d i s e a s e d  l a r v a e  
were found i n  p l o t s  where NPV had been a p p l i e d  t o  l a r v a e  through 
i r r i g a t i o n  p ip e s  th a n  i n  f i e l d s  where NPV a p p l i c a t i o n s  were  not 
made and on ly  n a t u r a l  v i r u s  was p r e s e n t .  Although h o s t  p l a n t  s i z e  
was no t  c o n s id e r e d ,  p o p u la t i o n  d e n s i t y  of  FAW f o r  m a i n t a i n i n g  and 
i n c r e a s i n g  NPV l e v e l s  i n  t h e  f i e l d  was h y p o t h e s i z e d  t o  be 
im p o r t a n t .
E p i z o o t i c  t h r e s h o l d s  were  not c a l c u l a t e d  f o r  NPV i n f e c t i n g
FAW i n  c o r n f i e l d s ,  due  t o  t h e  a n n u a l  n a t u r e  o f  t h e  c r o p  and t h e
o
low R o f  t h e  c o m b in e d  m o d e l s .  Fuxa (1982)  d e f i n e d  an e p i z o o t i c  
t o  be t h a t  l e v e l  o f  i n f e c t i o n  1.64 SD u n i t s  above  t h e  e x p e c t e d  
p e r c e n t  i n f e c t i o n  f o r  two c o n s e c u t iv e  weeks. The b e s t  model fo r  
b o t h  Hammond and S t .  G a b r i e l  c o m b in e d  e x p l a i n s  o n l y  32% o f  t h e  
v a r i a n c e ,  w h ic h  i s  n o t  enough  t o  c a l c u l a t e  an e x p e c t e d  p e r c e n t  
m o r t a l i t y  b a s e d  on t h e  c o m b i n a t i o n  o f  v a r i a b l e s  u s e d  i n  t h e  
model.
A l t h o u g h  f a c t o r s  s i g n i f i c a n t  t o  NPV p r e v a l e n c e  a r e  
i d e n t i f i e d  i n  t h i s  s tu d y ,  more work i s  c l e a r l y  needed to improve 
u n d e r s t a n d in g  o f  t h e  complex i n t e r a c t i o n s  invo lved .  Exper im en ta l  
a p p r o a c h e s  u s i n g  t h e  i n f o r m a t i o n  c o l l e c t e d  i n  t h i s  and o t h e r  
su rveys  w i l l  be n e c e s s a r y  t o  g a in  th e  a d d i t i o n a l  d e t a i l  r e q u i r e d  
t o  s t o c h a s t i c a l l y  model NPV p re v a le n c e  and m a n ip u la te  th e  v i r u s .
CHAPTER 4: MULTIPLE REGRESSION ANALYSIS OF PARASITISM OF FALL 
ARMYWORM BY THREE SPECIES OF LARVAL PARASITES
The n a t u r a l  h i s t o r y  of f a l l  armyworm, Spodoptera  f r u g ip e r d a  
(J.E. Smith )  (FAW), and th e  taxonomy and b io lo g y  o f  i t s  p a r a s i t e s  
have  r e c e i v e d  t h e  a t t e n t i o n  o f  many r e s e a r c h e r s .  E a r l y  w o r k e r s  
( L u g i n b i l l  1928,  V i c k e r y  1929) d o c u m e n t e d  s e a s o n a l  h i s t o r y  and 
made b e h a v i o r a l  o b s e r v a t i o n s  on b o t h  h o s t  and p a r a s i t e s .  More 
r e c e n t l y  t h i s  c o m p le x  h a s  b e e n  s t u d i e d  i n  g r a s s  and  c o r n  i n  
F l o r i d a  ( A s h le y  e t  a l .  1980,  1983) ,  and  i n  p e a n u t  i n  Oklahoma 
(W al l  and  B e r b e r e t  1975).  A s h l e y  ( 1 9 7 9 ) ,  s u m m a r i z i n g  t h e  
i n f o r m a t i o n  on FAW from th e  l i t e r a t u r e ,  found c o l l e c t i o n  re c o rd s  
f o r  53 s p e c i e s  of p a r a s i t e s  i n  two o r d e r s  and te n  f a m i l i e s .
I n  r e c e n t  y e a r s ,  p e s t  m anagem en t  p h i l o s o p h y  h a s  s h i f t e d  
r e s e a r c h  emphasis  t o  in c lu d e  q u a n t i t a t i v e  e v a l u a t i o n s  of p a r a s i t e  
a b i l i t y  t o  r e g u l a t e  h o s t  p o p u l a t i o n s .  A s h l e y  e t  a l .  (1982)  
i n v e s t i g a t e d  s e a s o n a l  d e n s i t y  a n d  a b u n d a n c e  o f  p a r a s i t e s  
a t t a c k i n g  FAW p o p u l a t i o n s  i n  f i e l d  c o r n .  Two s p e c i e s  C h e lo n u s  
i n s u l a r i s  (Cresson) and Temelucha sp. ,  were  r e s p o n s i b l e  f o r  97% 
of  th e  observed  p a r a s i t i s m .  P a r a s i t i s m  r a t e s  g e n e r a l l y  m i r ro re d  
FAW d e n s i t y ,  b u t  t h e  s t u d y  c o n c l u d e d  t h a t  FAW p o p u l a t i o n s  w e re  
c a p a b l e  o f  e s c a p i n g  p a r a s i t e  r e g u l a t i o n .  M i t c h e l l  e t  a l .  (1984)  
i n v e s t i g a t e d  t h e  e f f e c t s  o f  FAW p h e ro m o n e  p e r m e a t i o n  o f  a 
c o r n f i e l d  on th e  p o p u la t i o n  dynamics o f  bo th  FAW and i t s  l a r v a l  
p a r a s i t e s .  A l t h o u g h  t h e  p h e ro m o n e  had  no e f f e c t  on p a r a s i t i s m ,  
t h e  l e v e l  o f  p a r a s i t i s m  p r o v e d  p r e d i c t a b l e  by i n s t a r  f o r  t h e
63
f i r s t  f o u r  i n s t a r s .  Other r e s u l t s  were i n  agreement w i th  Ashley 
e t  a l .  (1 9 8 2 ) .
P a r a s i t i s m  o f  l a r v a e  and  t h e  e f f e c t  o f  p a r a s i t e s  on h o s t  
p o p u l a t i o n s  a r e  g e n e r a l l y  d e t e r m i n e d  by s a m p l i n g  t h e  h o s t  a t  
r e g u l a r  i n t e r v a l s  and m a i n t a i n i n g  c a p t u r e d  l a r v a e  u n t i l  t h e  
p a r a s i t e s  emerge o r  t h e  l a r v a l  s t a g e  o t h e r w i s e  ends.  E f f i c i e n c y  
o f  t h e  p a r a s i t e  i n  r e g u l a t i n g  t h e  h o s t  c an  t h e n  be d e t e r m i n e d  
e i t h e r  by c o r r e l a t i o n  o f  h o s t  p o p u l a t i o n  c h a n g e s  w i t h  t h e  
p a r a s i t e  o r  by a n a l y s i s  o f  l i f e  t a b l e  m o r t a l i t y  d a t a  (DeBach and 
B a r t l e t t  1964) .  L i f e  t a b l e s  r e q u i r e  a l e v e l  o f  d e t a i l  t h a t  i s  
g e n e r a l l y  beyond  m o s t  f i e l d  s t u d i e s ,  b u t  c h a n g e s  i n  i n s e c t  
p o p u la t i o n  d e n s i t y  can be d e t e c t e d  w i th  l e s s  e f f o r t  by a r e l i a b l e  
sampl ing  program (Southwood 1978),  and r e g r e s s i o n  a n a l y s i s  of the  
d a t a .  The o b j e c t i v e s  o f  t h e  c u r r e n t  s t u d y  w e re  t o  1) i d e n t i f y  
f a c t o r s  t h a t  i n f l u e n c e  l a r v a l  p o p u l a t i o n  d e n s i t y  of  FAW feed ing  
i n  f i e l d  c o r n ,  and  2) i d e n t i f y  f a c t o r s  a f f e c t i n g  p a r a s i t i s m  o f  
l a r v a l  FAW by t h r e e  s p e c i e s  o f  p a r a s i t e s  -  C o t e s i a  ( A p a n t e l e s )  
m a r g i n i v e n t r i s , Rogas laphygmae, and Chelonus sp.
M a t e r i a l s  and Methods 
Samples o f  FAW were ta k e n  from c o r n f i e l d s  a t  two l o c a t i o n s  
i n  s o u t h e a s t e r n  L o u i s ia n a .  One f i e l d  s i t e  was a t  t h e  St.  G ab r ie l  
E x p e r i m e n t  S t a t i o n ,  w h i l e  t h e  o t h e r  was  l o c a t e d  a t  a p r i v a t e  
d a i r y  6 km e a s t  o f  Hammond. Data  were th e  same as used i n  Chapter 
4 f o r  a n a l y s i s  of FAW m o r t a l i t y  caused by a n u c l e a r  po ly h ed ro s i s  
v i r u s  (NPV), w i th  t h e  f o l l o w i n g  e x ce p t io n s .  The 1983 Hammond d a ta  
i n c l u d e  tw o  f i e l d s  n o t  u s e d  i n  t h e  p r e v i o u s  s t u d y .  These  
r e p r e s e n t  an a d d i t i o n a l  n in e  sam ples  which were averaged  i n  w i th
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t h e  d a t a .  D a ta  f r o m  S t .  G a b r i e l  i n  1983 w e r e  n o t  u s e d  i n  t h e  NPV 
s t u d y  due  t o  low m o r t a l i t y  a s s o c i a t e d  w i t h  t h e  v i r u s ,  b u t  
p a r a s i t e s  w e r e  p r e s e n t  and  t h e  d a t a  a r e  i n c l u d e d  i n  t h i s  
a n a l y s i s .
D a ta  w e r e  c o l l e c t e d  f o r  t h e  v a r i a b l e s  i n  T a b l e  4.1 a s  i n  
Chapter  4. M u l t i p l e  r e g r e s s i o n  models were  c o n s t r u c t e d  w i th  t h e  
number of FAW l a r v a e  pe r  p l a n t  and p e r c e n t  p a r a s i t i s m  by Chelonus 
s p . ,  m a r g i n i v e n t r i s , and l a p h y g m a e  a s  t h e  d e p e n d e n t  
v a r i a b l e s ,  and  t h e  v a r i a b l e s  i n  T a b l e  4.1 a s  t h e  r e g r e s s o r  
v a r i a b l e s .  V a r i a b l e  s e l e c t i o n  f o r  th e  r e g r e s s i o n  models  and the  
m u l t i p l e  r e g r e s s i o n  a n a ly s e s  were  conducted  i n  t h e  same f a s h io n  
a s  C h a p t e r  4. D a ta  w e r e  a n a l y z e d  w i t h  p r o c e d u r e s  f ro m  t h e  
S t a t i s t i c a l  A n a ly s i s  Sys tems,  SAS (SAS I n s t i t u t e ,  Cary,  N.C.).
R e s u l t s
The p a r a s i t i s m  and h o s t  d e n s i t y  d a t a  f o r  t h e  f i v e  f i e l d -  
y e a r s  a r e  p l o t t e d  i n  F i g u r e s  4 . 1 - 4 . 5 .  P o p u l a t i o n  d e n s i t y  o f  FAW 
was t h e  h i g h e s t  o f  t h e  s tudy  a t  S t .  G a b r ie l  i n  1981 (F igu re  4.1), 
p e a k i n g  a t  5.5 l a r v a e  p e r  p l a n t .  P a r a s i t i s m  by C h e l o n u s  sp .  
p e a k e d  s i x  w eeks  e a r l i e r ,  and  o n l y  a few  FAW l a r v a e  w ere  
p a r a s i t i z e d  by t h i s  s p e c i e s  d u r i n g  t h e  h i g h e s t  h o s t  p o p u l a t i o n  
d e n s i t y .  Ch_ m a r g i n i v e n t r i s  and laphygmae p a r a s i t i s m  remained 
low th ro u g h o u t  t h e  y e a r ,  peaking  a t  10% and 6% r e s p e c t i v e l y .  This 
graph  r e p r e s e n t s  a t o t a l  of  754 l a r v a e  t a k e n  on 15 sample  da te s .  
Of t h e s e ,  33 w e r e  p a r a s i t i z e d  by C h e l o n u s  s p . ,  t h r e e  were  
p a r a s i t i z e d  by C^ m a r g i n i v e n t r i s  and fo u r  by R;_ laphygmae.
FAW p o p u l a t i o n  d e n s i t y  a l s o  p e a k e d  i n  t h e  l a t t e r  h a l f  o f  
1982 a t  S t .  G a b r i e l  ( F i g u r e  4 .2 ) .  P a r a s i t i s m  by C h e l o n u s  sp .
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TABLE 4 .1  V a r i a b l e s  t e s t e d  f o r  i n c l u s i o n  i n  m u l t i p l e  r e g r e s s i o n  
models .
Number V a r i a t e Source Transformal
1 ANPV % m o r t a l i t y  due to  NPV Arcs in Sqr
2 ACHEL % m o r t a l i t y  due t o  Chelonus s p . Arcs in Sqr
3 AROGAS % m o r t a l i t y  due t o  R. laphygmae Arcs in Sqr
4 APANT % m o r t a l i t y  due t o  C. m a r g i n i v e n t r i s Arcs in Sqr
5 DATE # of  days e l a p s e d  s i n c e  1 J a n .  1960
6 LSMALL # of  sm al l  l a r v a e / p l a n t log
7 LMED # of  medium l a r v a e / p l a n t log
8 LLARGE # of l a r g e  l a r v a e / p l a n t log
9 LNUM t o t a l  # o f  l a r v a e / p l a n t log
10 HOSTHT h e i g h t  o f  corn  p l a n t
11 AVTEMP mean t e m p e ra tu re  s i n c e  l a s t  sample
12 DEGDAY degree  days  accumula ted  s i n c e  l a s t  
sample
13 RAIN r a i n f a l l  accumula ted  s i n c e  l a s t  
sample
14 AVRH mean r e l a t i v e  hum id i ty  s i n c e  l a s t  
sample
15 SOLRAD mean s o l a r  r a d i a t i o n  s i n c e  l a s t  
sample
F i g u r e  4.1 P e rc e n t  p a r a s i t i s m  of  f a l l  armyworm by Chelonus sp. ,  
C o t e s i a  m a r g i n i v e n t r i s , and  Rogas  l a p h y g m a e  a t  S t .  G a b r i e l  i n
1981. Number o f  FAW pe r  p l a n t  i s  m u l t i p l i e d  by 10.
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F i g u r e  4 .2  P e rc e n t  p a r a s i t i s m  o f  f a l l  armyworm by Chelonus sp. ,  
C o t e s i a  m a r g i n i v e n t r i s , and Rogas  la p h y g m a e  a t  S t .  G a b r i e l  i n
1982. Number of  FAW pe r  p l a n t  i s  m u l t i p l i e d  by 10.
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r e a c h e d  i t s  h i g h e s t  p e r c e n t a g e  o f  t h e  s t u d y  on day  210 a t  75%. 
Both  C. m a r g i n i v e n t r i s  and  R. l a p h y g m a e  a p p e a r e d  e a r l y  i n  t h e  
season and rem ained  a t  low l e v e l s  i n  t h e  h o s t  p o p u la t io n .  Twenty 
samples  were  t a k en  on 20 d a t e s  and 1403 FAW l a r v a e  were cap tu red .  
Of t h e s e ,  1234 w e r e  e x a m i n e d  f o r  p a r a s i t e s .  A t o t a l  o f  330 FAW 
la r v a e  were  p a r a s i t i z e d  by Chelonus sp. ,  14 by (L_ m a r g i n i v e n t r i s , 
and 11 by R. l a p h y g m a e .
I n  1983 ,  FAW p o p u l a t i o n  d e n s i t y  was  a g a i n  g r e a t e s t  i n  t h e  
second h a l f  o f  t h e  y e a r  (F ig u re  4.3). Chelonus sp.  were v i r t u a l l y  
absen t  d u r in g  t h i s  season ,  bu t  C^_ m a r g i n i v e n t r i s  and R^_ laphygmae 
r e a c h e d  t h e i r  h i g h e s t  p o p u l a t i o n  d e n s i t i e s  a t  t h e  S t .  G a b r i e l  
l o c a t i o n .  T h i r t e e n  samples  on 13 d a t e s  y i e l d e d  547 FAW l a r v a e ,  53 
o f  w h i c h  w e re  p a r a s i t i z e d  by C^ _ m a r g i n i v e n t r i s , 36 by R. 
laphygmae, and one by Chelonus sp.
FAW l a r v a e  a t  Hammond i n  1982 r a r e l y  exceeded one p e r  p l a n t  
( F i g u r e  4 .4 ) .  P a r a s i t i s m  by C h e l o n u s  s p .  was l o w e r  t h a n  a t  S t .  
G ab r ie l  and was a lw ays  low er  th a n  20%. C^_ m a r g i n i v e n t r i s  appeared 
e a r l y  i n  t h e  y e a r ,  r e t u r n i n g  a t  low l e v e l s  i n  m i d - s e a s o n .  R. 
laphygmae p a r a s i t i s m  remained  a t  l e s s  th a n  3% f o r  th e  season.  A 
t o t a l  o f  2177 FAW l a r v a e  w e r e  c o l l e c t e d  i n  31 s a m p l e s  on 14 
d a t e s .  Of t h e s e ,  110 w e re  p a r a s i t i z e d  by C h e lo n u s  s p . ,  44 by C. 
m a r g i n i v e n t r i s , and 14 by laphygmae.
FAW p o p u l a t i o n  d e n s i t i e s  a t  Hammond were  low er  i n  1983 than 
i n  1982 ( F i g u r e  4 .5 ) .  Number o f  l a r v a e  p e r  p l a n t  r e m a i n e d  be low  
one on a l l  sample  d a t e s  bu t  two. Larvae p a r a s i t i z e d  by Chelonus 
sp .  w e r e  o n l y  c o l l e c t e d  t w i c e ,  once  e a r l y  and o n c e  l a t e  i n  t h e  
season. P a r a s i t i s m  by t h i s  s p e c i e s  d id  n o t  exceed 3%. P a r a s i t i s m
Figure 4.3 P e rc e n t  p a r a s i t i s m  o f  f a l l  armyworm by Chelonus sp . ,  
C o t e s i a  m a r g i n i v e n t r i s , and  Rogas  l a p h y g m a e  a t  S t .  G a b r i e l  i n
1983. Number o f  FAW pe r  p l a n t  i s  m u l t i p l i e d  by 10.
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Figure 4.4 P e rc e n t  p a r a s i t i s m  o f  f a l l  armyworm by Chelonus sp. 
C o te s i a  m a r g i n i v e n t r i s , and Rogas laphygmae a t  Hammond i n  1982 
Number o f  FAW per  p l a n t  i s  m u l t i p l i e d  by 10.
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Figure 4.5 P e rc e n t  p a r a s i t i s m  of  f a l l  armyworm by Chelonus sp. ,  
C o t e s i a  m a r g i n i v e n t r i s , and Rogas laphygmae a t  Hammond i n  1983. 
Number o f  FAW pe r  p l a n t  i s  m u l t i p l i e d  by 10.
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by bo th  o f  th e  o t h e r  s p e c i e s  o f  p a r a s i t e s  was more p r e v a l e n t  than 
i n  t h e  p r e v i o u s  y e a r .  L a r v a e  p a r a s i t i z e d  by C^ _ m a r g i n i v e n t r i s  
were t a k e n  on every  sample  d a t e ,  w h i l e  laphygmae was recovered  
on a l l  d a t e s  b u t  tw o .  A t o t a l  o f  1304 l a r v a e  w e r e  c o l l e c t e d  118 
o f  w h i c h  w e r e  p a r a s i t i z e d  by m a r g i n i v e n t r i s , 23 by R. 
laphygmae, and two by Chelonus sp.
F a c t o r s  t h a t  i n f l u e n c e d  t h e  number o f  FAW l a r v a e  pe r  p l a n t  
a r e  l i s t e d  i n  T a b l e  4.2 (M odel  1). Two b i o t i c  a g e n t s  -  C h e lo n u s  
sp .  and  t h e  NPV -  w e re  p o s i t i v e l y  r e l a t e d  t o  c h a n g e s  i n  h o s t  
p o p u l a t i o n  d e n s i t y .  Two a b i o t i c  f a c t o r s  -  average  t e m p e r a t u r e  and 
average  r e l a t i v e  h u m id i ty  -  a l s o  c o r r e l a t e d  w i t h  h o s t  p o p u la t io n .  
Tem pera ture  had a p o s i t i v e  c o e f f i c i e n t ,  w h i l e  t h a t  o f  r e l a t i v e  
h u m i d i t y  was n e g a t i v e .  T h e s e  f o u r  v a r i a b l e s  e x p l a i n  42% o f  t h e  
v a r i a t i o n  i n  v a r i a b l e  LNUM.
Two a n a l y s e s  w e r e  c o n d u c t e d  w i t h  APANT a s  t h e  d e p e n d e n t
v a r i a b l e  (Table  4.2,  models 2 and 3). I n  model 2, p a r a s i t i z a t i o n
by R^ laphygmae a p p ea rs  as a s i g n i f i c a n t  p o s i t i v e  v a r i a b l e .  Since
no mechanism f o r  an i n c r e a s e  i n  p a r a s i t i s m  by CL_ m a r g i n i v e n t r i s
caused by R^ laphygmae cou ld  be d e r iv e d  from t h e  d a t a ,  v a r i a b l e s
AROGAS and ACHEL w e r e  r e m o v e d  and t h e  a n a l y s i s  r u n  a g a i n .  T h i s
r e s u l t e d  i n  m ode l  3,  w h i c h  h a s  o n l y  tw o  v a r i a b l e s  -  DATE and
HOSTHT. The c o e f f i c i e n t s  r e t a i n  th e  same s i g n s  a s  i n  model 2, but
v a r i a b l e  AVRH h a s  now d r o p p e d  o u t .  Though t h e  a n a l y s i s  i s  s t i l l
o
s i g n i f i c a n t ,  t h e  R has  f a l l e n  t o  0.29.
A s i m i l i a r  s i t u a t i o n  o c c u r r e d  i n  t h e  a n a l y s i s  of  p a r a s i t i s m  
by R. l a p h y g m a e  ( T a b l e  4 .3 ,  m o d e l s  4 and  5) .  I n  model  4 ,  p a r a s i ­
t i s m  by bo th  (L_ m a r g i n i v e n t r i s  and Chelonus sp. was s i g n i f i c a n t .
TABLE 4.2 Multiple regression analysis of parasitism by Cotesia marginiventris (APANT)
and the number of FAW larvae per plant (LNUM) as dependent variables.
Model 1 Model 2 Model 3
LNUM APANT APANT
Paramete r Paramete r Parameter
V a r i a t e s E s t im a te s  p E s t im a te s  p E s t im a te s
DATE 0.0001*8 E-5 .117 0.0003*6 E-5
HOSTHT -0 .0014* .0005  .011 -0 .0016*.0005
AVRH -0.0236* .0097  .018 -0 .0055* .0025  .033
AVTEMP 0.0820*.0158 <.001
ACHEL 1.1380*.2981 <.001
AROGAS 0.4220*.1403 .004
ANPV 0.5879*.3516 .098
I n t e r c e p t -5 .4985 -0 .5629 -2 .1843
R2 0.42 0.37 0.29
P 0.0001 0.0001 0.0001
df 85 85 85
P
.001
.003
TABLE 4.3 Multiple regression analysis of parasitism by Rogas laphygmae (AROGAS) and
Chelonus sp. (ACHEL) as dependent variables.
Model 4 Model 5 Model 6
AROGAS AROGAS ACHEL
Paramete r Paramete r Parameter
V a r i a t e s E s t im a te s  p E s t im a te s  p E s t im a te s  p
DATE 0.0002*6 E-5 .007
HOSTHT -0 .0011* .0004  .012 -0 .0025* .0007  <.001
AVRH -0 .0044* .0020  .028 0.0132*.0032 <.001
SOLRAD 0.0084*.0033 .014 -0 .0120* .0079  .130
ACHEL 0.1245*.0494 .014
APANT 0.3031*.0649 <.001
LNUM 0.0442*.0216 .044 0.1094*.0271 <.001
LLARGE -0 .0501* .0242  .042
I n t e r c e p t -0 .0087 -1 .6494 -0 .5918
R2 0.30 0 .25 0 .40
P 0.0001 0.0004 0.0001
df 85 85 86
Again,  no h y p o th e s i s  f o r  t h i s  p o s i t i v e  e f f e c t  cou ld  be genera ted  
f ro m  a v a i l a b l e  i n f o r m a t i o n ,  so  v a r i a b l e s  APANT and  ACHEL were  
removed. The second r e g r e s s i o n  produced model 5, which has  more 
v a r i a b l e s  b u t  a l o w e r  R t h a n  model  4. V a r i a b l e  SOLRAD was n o t  
s e l e c t e d  i n  t h e  s e c o n d  m o d e l ,  and e n v i r o n m e n t a l  f a c t o r s  were  
r e p r e s e n t e d  only  by r e l a t i v e  h u m id i ty .  DATE and HOSTHT were again  
p r e s e n t ,  as  i n  t h e  (L_ m a r g i n i v e n t r i s  a n a l y s i s ,  and two v a r i a b l e s  
r e l a t i n g  to  th e  h o s t  -  LLARGE and LNUM -  appear.  The c o e f f i c i e n t  
f o r  LLARGE was n e g a t i v e  and may be e x p la in e d  by t h e  f a c t  t h a t  L. 
l a p h y g m a e  d o es  n o t  p a r a s i t i z e  t h i s  s t a g e .  The c o e f f i c i e n t  f o r  
LNUM was p o s i t i v e ,  i n d i c a t i n g  an i n c r e a s e  i n  p a r a s i t i s m  w i th  an 
i n c r e a s e  i n  t h e  h o s t  n u m b e r s  p e r  p l a n t .  P a r a s i t i s m  by R. 
laphygmae, however,  d id  no t  appea r  i n  model 1 where LNUM was th e  
d e p e n d e n t  v a r i a b l e .
A n a l y s i s  o f  p a r a s i t i s m  by C h e l o n u s  sp .  a p p e a r s  i n  model 6 
( T a b l e  4 .3 ) .  Only one  a n a l y s i s  was  r u n ,  s i n c e  a l l  v a r i a b l e s  i n  
t h e  m ode l  s eem ed  r e a s o n a b l e .  A l l  f o u r  s i g n i f i c a n t  v a r i a b l e s  -
AVRH, HOSTHT, LNUM, and SOLRAD -  a p p e a r  i n  p r e v i o u s  m o d e l s .  The
2
R f o r  t h e  C h e l o n u s  s p .  a n a l y s i s  was 0 .4 0 ,  t h e  h i g h e s t  f o r  t h e  
p a r a s i t e  r e g r e s s i o n s .
The v a r i a b l e  HOSTHT was a  s i g n i f i c a n t  f a c t o r  f o r  a l l  t h r e e  
p a r a s i t e s .  The c o e f f i c i e n t  was  a l w a y s  n e g a t i v e ,  a s  w e re  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  (Table  4.4),  i n d i c a t i n g  t h a t  p a r a s i t i s m  
d e c rea se d  as  h o s t  s i z e  i n c r e a s e d .  Degree day was a b s e n t  from a l l  
a n a l y s e s .  A v e ra g e  t e m p e r a t u r e  a p p e a r e d  o n l y  i n  m ode l  1, and i s  
a l s o  c o r r e l a t e d  w i th  ACHEL, though no t  in c lu d e d  i n  t h e  model f o r  
t h a t  v a r i a b l e .
TABLE 4 .4  C o r r e l a t i o n  m a t r i x  between dependent v a r i a b l e s  
and v a r i a b l e s  found to  be s i g n i f i c a n t  i n  mul­
t i p l e  r e g r e s s i o n  models .
VARIABLE LNUM APANT ACHEL AROGAS
ACHEL
APANT
AROGAS
ANPV
DATE
HOSTHT
LNUM
LLARGE
AVRH
AVTEMP
SOLRAD
.362
.127
.133
.338
.085
.010
1.00
.671
.060
.514
.052
* *
* *
**
* *
-.064
1 .00
.398
.041
.454
-.330
.127
.041
-.320
- .110
-.093
* *
* *
* *
* *
1.00
- . 0 6 4
.271
.039
- . 2 1 1 *
- .3 5 2
.362
.271
.422
.212
.232
* *
* *
**
* *
* *
* *
.271
.396
1.00
-.077
. 2 1 1 '
-.345
.133
-.028
.098
.093
.258
* *
* *
* *
S i g n i f i c a n t  a t  p<0.05 
S i g n i f i c a n t  a t  p<.01
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D is c u s s i o n
The r e g r e s s i o n  models i n  T ab le s  4.2 and 4.3 d e m o n s t ra t e  t h a t  
d i f f e r e n t  co m b in a t io n s  of  r e g r e s s o r  v a r i a b l e s  a r e  i m p o r t a n t  t o  
p a r a s i t i s m  by d i f f e r e n t  s p e c i e s .  The en v i ro n m e n ta l  v a r i a b l e s  -  
AVTEMP, AVRH, and  SOLRAD -  and  t h e  v a r i a b l e  HOSTHT a r e  a l l  
l o g i c a l  components i n  t h e  v a r i o u s  p a r a s i t e  models.  As mentioned 
p r e v i o u s l y ,  h o s t  h e i g h t  had a n e g a t i v e  i n f l u e n c e  on p a r a s i t i s m ,  
p r o b a b l y  a s  a r e s u l t  o f  t h e  i n c r e a s e d  s u r f a c e  a r e a  a g ro w in g  
p l a n t  p r o d u c e s  t h a t  m u s t  be  s e a r c h e d  by t h e  a d u l t  p a r a s i t e .  The 
a p p e a r a n c e  o f  a v e r a g e  t e m p e r a t u r e  i n  m ode l  1 may i n d i c a t e  t h e  
p re sen c e  o f  a t e m p e r a t u r e  dependent  p r o c e s s  t h a t  i s  no t  r e l i a n t  
on th e  FAW deve lopm enta l  t h r e s h o l d .  Developmenta l  t h r e s h o l d s  were 
n o t  c a l c u l a t e d  f o r  t h e  t h r e e  s p e c i e s  o f  p a r a s i t e s ,  b u t  s i n c e  
average  t e m p e r a t u r e  d id  no t  g e n e r a l l y  a f f e c t  p a r a s i t i s m ,  degree 
day c a l c u l a t i o n s  f o r  t h e  p a r a s i t e s  may prove  im p o r t a n t .  R e l a t i v e  
h u m i d i t y  may p l a y  a r o l e  i n  p r e v e n t i n g  ( o r  a l l o w i n g  f o r )  
d e s i c c a t i o n  of  immature  p a r a s i t e s  i n  th e  pupal or  p repupa l  s tage .  
S o la r  r a d i a t i o n  has  a l e s s  obv ious  r o l e ,  bu t  l i k e l y  a c t s  on a d u l t  
p a r a s i t e s ,  a f f e c t i n g  s e a r c h i n g  behav io r .
Of t h e  t h r e e  p a r a s i t e s ,  o n ly  p a r a s i t i s m  by Chelonus sp. was 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  h o s t  p o p u l a t i o n  d e n s i t y  (T ab le  
4 .4 ) .  V a r i a b l e  LNUM was s e l e c t e d  i n  t h e  m ode l  f o r  C h e lo n u s  sp .  
p a r a s i t i s m  (model 4.6),  and Chelonus sp.  p a r a s i t i s m  was s e l e c t e d  
i n  t h e  model f o r  t o t a l  number o f  FAW l a r v a e  pe r  p l a n t  (model 1). 
Weseloh (1983) i n t e r p r e t e d  s i m i l a r  d a t a  f o r  h y p e r p a r a s i t i s m  o f  
A p a n t e l e s  m e l a n o s c e l u s  ( R a t z e b u r g )  c o c o o n s  by E u r y t o m a  
a p p e n d i g a s t e r  (Swederus) and u n i d e n t i f i e d  s p e c i e s  o f  E u l o p h i d a e
t o  i n d i c a t e  a d e n s i t y  dependent  r e sp o n se  by t h e  h y p e r p a r a s i t e s .  
I n  h i s  s t u d y ,  p e r c e n t  p a r a s i t i s m  by a p p e n d i g a s t e r  and t h e  
e u lo p h id s  had s i g n i f i c a n t ,  p o s i t i v e  r e g r e s s i o n  c o e f f i c i e n t s  in  a 
m u l t i p l e  r e g r e s s i o n  model i n  which t h e  number of  cocoons pe r  t r e e  
was t h e  dependent v a r i a b l e .
Chelonus sp.  v i r t u a l l y  d i s a p p e a re d  from c o r n f i e l d s  i n  both 
l o c a t i o n s  i n  1983 ( F i g u r e s  4.3 and 4 .5)  a t  t h e  same t i m e  C. 
m a r g i n i v e n t r i s  and R^_ laphygmae reached  t h e i r  h i g h e s t  pe rcen tag es  
i n  t h i s  y e a r .  H ow ever ,  a r e l a t e d  s p e c i e s  -  C h e l o n u s  t e x a n u s  
Cresson  (and presumably  o t h e r s  i n  t h e  genus) -  i s  a weak i n t e r ­
s p e c i f i c  c o m p e t i t o r  f o r  h o s t  l a r v a e  (V in s o n  and A b ie s  1980) .  In  
a d d i t i o n ,  t h e  l a c k  of  s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n s  between 
Chelonus sp.  and t h e  o t h e r  two p a r a s i t e  s p e c i e s  make i t  u n l i k e l y  
t h a t  C h e l o n u s  s p .  i s  c a p a b l e  o f  s u p r e s s i n g  o t h e r  p a r a s i t e s .  
Ashley e t  a l .  (1982) i n f e r r e d  c o m p e t i t i o n  be tween Chelonus i n s u -  
l a r i s  Cresson  and Temelucha sp.  by t h e  f a c t  t h a t  p e r c e n t  p a r a s i -  
t i z a t i o n  cu rves  f o r  t h e  two s p e c i e s  were m i r r o r  images.  In  t h i s  
i n s t a n c e  i t  was C^_ i n s u l a r i s  t h a t  was be ing  su pp re ssed .
M i t c h e l l  e t  a l .  (1984) found t h a t  p e r c e n t  p a r a s i t i s m  i n  the  
f i r s t  f o u r  l a r v a l  i n s t a r s  o f  FAW c o u l d  be p r e d i c t e d  w i t h  t h e  
p e r c e n t  o f  t h e  p o p u l a t i o n  w h ic h  t h a t  i n s t a r  r e p r e s e n t e d .  Th is  
r e l a t i o n s h i p  i s  unusual  i n  t h a t  1) i t  was a r i t h m e t i c  (and l i n e a r )  
and 2) no t r a n s f o r m a t i o n s  w e r e  i n v o l v e d .  No s u c h  r e l a t i o n s h i p  
e x i s t e d  i n  th e  c u r r e n t  s tu d y .  C o r r e l a t i o n s  were no t  s i g n i f i c a n t  
be tween p e r c e n t  p a r a s i t i s m  (bo th  t r a n s f o r m e d  and un trans fo rm ed)  
f o r  e a c h  p a r a s i t e  v e r s u s  p e r c e n t  s m a l l  o r  medium l a r v a e  i n  t h e  
p o p u l a t i o n  ( t r a n s fo rm e d  and u n t ra n s fo rm e d )  (d a ta  n o t  shown).
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P a r a s i t i s m  o f  FAW i n  F l o r i d a  (A s h le y  e t  a l .  1982,  M i t c h e l l  
e t  a l .  1984) had d i f f e r e n t  t r e n d s  than  i n  Lou i s iana .  I n  F l o r i d a ,  
p a r a s i t i z a t i o n  o f  t h e  f i r s t  f o u r  l a r v a l  i n s t a r s  was h e a v y  and 
c o n s i s t e n t ,  w i th  few l a r v a e  s u r v i v i n g  to  f i f t h  and s i x t h  i n s t a r  
( l a r g e  l a r v a e ) .  I n  t h e  c u r r e n t  s t u d y ,  1774 o f  6185 l a r v a e  
c o l l e c t e d  (29%) w e r e  c l a s s i f i e d  a s  l a r g e .  P a r a s i t i s m  i s  
i n c o n s i s t e n t  b u t  o c c a s i o n a l l y  h e av y  i n  t h e  f i r s t  f o u r  i n s t a r s  
( s m a l l  and  medium l a r v a e ) .  M i t c h e l l  e t  a l .  (1984)  fo und  a 
n e g a t i v e  c o r r e l a t i o n  b e t w e e n  t h e  p e r c e n t  s m a l l  l a r v a e  i n  t h e  
p o p u l a t i o n  and h o s t  p l a n t  h e i g h t .  This  c o r r e l a t i o n  was no t  found 
i n  t h e  c u r r e n t  s t u d y  ( d a t a  n o t  shown) .  The f a c t o r s  t h a t  most 
a f f e c t e d  p o p u l a t i o n  d e n s i t y  a r e  shown i n  Table  4.2.
o
The R c a l c u l a t i o n s  f o r  t h e  p a r a s i t e  r e g r e s s i o n s  were  
g e n e r a l l y  low .  W h i le  t h e  c u r r e n t  m o d e l s  may a s s i s t  f u t u r e  
r e s e a r c h  and can  be compared t o  o t h e r  s t u d i e s ,  more in fo r m a t io n  
i s  n e e d e d  t o  e x p l a i n  p a r a s i t i s m .  C o n s i d e r i n g  t h a t  p e r c e n t  
p a r a s i t i s m  as  a dependent v a r i a b l e  embodies bo th  a d u l t  p a r a s i t e  
b e h a v i o r  and l a r v a l  p a r a s i t e  c o m p e t i t i v e n e s s  and v i g o r ,  i t  may 
prove t h a t  much o f  th e  v a r i a t i o n  cou ld  be removed by s t u d i e s  of  
p a r a s i t e  b i o l o g y ,  r a t h e r  t h a n  by m ore  d e t a i l e d  s a m p l i n g  o r  
f u r t h e r  en v i ro n m e n ta l  measurements .  The use of p e r c e n t  p a r a s i t i s m  
( a p p a r e n t  p a r a s i t i s m )  a s  an  i n d i c a t o r  o f  p a r a s i t e  e f f i c a c y  i n  
h o s t  p o p u l a t i o n  r e g u l a t i o n  i s  no t  w i th o u t  i t s  p i t f a l l s  (Simmonds 
1948, M ars ton  1980). I t  i s  of  v a lu e ,  however,  when compar ing the  
e f f e c t  o f  independen t  f a c t o r s  on p a r a s i t i s m .
The d i f f e r e n c e  i n  FAW p o p u l a t i o n  r e g u l a t i o n  and b i o l o g y  
between F l o r i d a  and L o u i s i a n a  i s  an i n d i c a t i o n  o f  th e  v a r i a t i o n
i n  n a t u r a l  c o n t r o l  over  broad g e o g ra p h ic a l  a r e a s .  I t  h i g h l i g h t s  
t h e  n e e d  f o r  r e d u n d a n t  r e s e a r c h  i n  o t h e r  h a b i t a t s  o f  FAW. A 
c l e a r e r  u n d e r s t a n d in g  of  t h e  n a t u r a l  h i s t o r y  and p a r a s i t i s m  o f  
t h i s  i n s e c t  w i l l  a l l o w  f o r  m ore  i n f o r m e d  d e c i s i o n s  i n  i t s  
management.
CHAPTER 5: SEASONAL SUSCEPTIBILITY OF FALL ARMYWORM TO A NUCLEAR
POLYHEDROSIS VIRUS
The r e l a t i o n s h i p  be tween h o s t  and pathogen i s  an im p o r tan t  
a s p e c t  o f  i n s e c r .  e p i z o o t i o l o g y .  T h i s  t o p i c  may be d i v i d e d  i n t o  
s e v e r a l  r e s e a r c h  a r e a s ,  one of  which i s  th e  s u s c e p t i b i l i t y  of  the  
h o s t  i n s e c t  p o p u l a t i o n  t o  t h e  p a t h o g e n  and how i t  may change .  
R e s i s t a n c e  to  pa thogens  occu rs  i n  i n s e c t  p o p u la t i o n s  and has been 
d i s c u s s e d  i n  many p u b l i c a t i o n s  (see  Tanada 1976 and B r i e s e  1981). 
S e v e ra l  s t u d i e s  (David and G ard iner  1960, M ar t ig n o n i  and Schmid 
1961,  R e i c h e l d e r f e r  and  B en to n  1974 ,  B r i e s e  and  Mende 1981,  
B r i e s e  1 9 8 2 ,  a n d  o t h e r s )  h a v e  a d d r e s s e d  d i f f e r e n c e s  i n  
s u s c e p t i b i l i t y  to  a b a c u lo v i r u s  be tween p o p u l a t i o n s  of  th e  same 
i n s e c t  s p e c i e s  from d i f f e r e n t  g e o g ra p h ic a l  r e g io n s .  R e i c h e l d e r f e r  
and Benton (1974) d e m o n s t ra t ed  t h a t  s u s c e p t i b i l i t y  to  a n u c lea r  
p o l y h e d r o s i s  v i r u s  (NPV) was  h e r i t a b l e  i n  f a l l  a rmyworm (FAW), 
S p o d o p t e r a  f r u g i p e r d a  (J .E .  S m i t h ) ,  and was p a r t i a l l y  o r  
i n c o m p l e t e l y  d o m i n a n t .  B r i e s e  (1982)  p r o v i d e d  e v i d e n c e  f o r  a 
s i n g l e  d o m i n a n t  a u t o s o m a l  gene  c o n t r o l l i n g  s u s c e p t i b i l i t y  o f  
Ph tho r im aea  o p e r c u l l e l a  ( Z e l l e r ) ,  t o  a g r a n u l o s i s  v i r u s  (GV).
B u r g e s  ( 1 9 7 1 )  s t a t e d  t h a t  i t  i s  i n c o n c e i v a b l e  f o r  
p o p u l a t i o n s  o f  i n s e c t s  t o  r e t a i n  t h e  same s u s c e p t i b i l i t y  t o  
pa thogens  over  t im e .  B r i e s e  and Mende (1981) i n d i c a t e d  t h a t  the  
v a r i a b i l i t y  b e t w e e n  g e o g r a p h i c a l l y  s e p a r a t e  p o p u l a t i o n s  o f  P. 
o p e r c u l l e l a  may be a r e f l e c t i o n  of  th e  p a s t  h i s t o r y  of  s e l e c t i o n  
p r e s s u r e  a t  e a c h  l o c a t i o n .  I n  o r d e r  t o  t e s t  t h i s  h y p o t h e s i s ,  
S t e i n h a u s  (1954)  p r o p o s e d  e x a m i n i n g  " t h e  n a t u r e  and s t a t u s  o f
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s u r v i v o r s  i n  i n s e c t  p o p u la t i o n s  t h a t  h a v e  s u f f e r e d  e p i z o o t i c s , "  
which would in v o lv e  measur ing  h o s t  s u s c e p t i b i l i t y  over  t im e  a t  
t h e  same g e o g ra p h ic a l  l o c a t i o n s .
P o p u l a t i o n s  o f  FAW i n  s o u t h - c e n t r a l  L o u i s i a n a  a r e  
s u s c e p t i b l e  t o  an NPV which i s  a b le  t o  produce  e p i z o o t i c s  (Fuxa 
1982, Fuxa and Geaghan 1983, Chapter  3). FAW p o p u l a t i o n s  va ry  i n  
r e s p o n s e  t o  a t  l e a s t  one NPV ( R e i c h e l d e f e r  and B en to n  1974) and 
t h u s  a r e  s u i t a b l e  c a n d i d a t e s  w i t h  w h ic h  t o  s t u d y  s e a s o n a l  
s u s c e p t i b i l i t y  a t  a s i n g l e  l o c a t i o n .
M a t e r i a l s  and Methods
F a l l  armyworm were sampled i n  c o r n f i e l d s  a t  th e  St .  Gabr ie l  
E x p e r i m e n t  S t a t i o n  i n  1981 and a t  a p r i v a t e  d a i r y  6 km e a s t  of  
Hammond, LA i n  1982. I n  1981,  two t r e a t m e n t s  o f  40.47 l a r v a l  
e q u i v a l e n t s  ( L E ) / h e c t a r e  ( = 100 L E / a c r e )  o f  NPV w e r e  a p p l i e d  t o  
two s e p a r a t e  p l o t s  o f  0.127 ha  i n  s i z e .  The f i r s t  t r e a t m e n t  was 
a p p l i e d  on 5 J u n e ,  c o r r e s p o n d i n g  w i t h  t h e  a p p e a r a n c e  o f  t h e  
s e c o n d  g e n e r a t i o n .  The s e c o n d  p l o t  was  t r e a t e d  on 8 J u l y ,  
c o r r e sp o n d in g  w i t h  t h e  t h i r d  g e n e r a t io n .  The NPV was a p p l i e d  i n  
w a te r  w i t h  a CO2 s p ra y e r .  Sampling methodology and l a r v a l  r e a r i n g  
a r e  d e s c r i b e d  i n  Chapter  3. F i e l d  c o l l e c t e d  l a r v a e  t h a t  su rv ived  
to  a d u l th o o d  were  s o r t e d  by c o l l e c t i o n  d a t e  and con f in ed  i n  one 
l i t e r  s o f t  d r i n k  cups.  These cups were l i n e d  w i t h  paper  t o w e l l i n g  
and  c o v e r e d  by a s i n g l e  p a p e r  t o w e l  s e c u r e d  w i t h  a r u b b e r  band. 
Moths  w e r e  p r o v i d e d  w i t h  a  10% s u c r o s e  s o l u t i o n  i n  30 ml cups 
f i l l e d  w i t h  c o t t o n .  The p a p e r  t o w e l s  s e r v e d  a s  an o v i p o s i t i o n  
s i t e  and were changed d a i l y .  Towels c o n t a i n i n g  eggs were sea led  
i n  p l a s t i c  b a g s  u n t i l  h a t c h .  L a r v a e  f r o m  a s i n g l e  n i g h t ' s
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o v i p o s i t i o n  g e n e r a l l y  ha tched  w i t h i n  3-4  hours  o f  one ano ther .  A 
f i b e r  o p t i c  l i g h t  t u b e  p l a c e d  a t  one  end o f  t h e  p l a s t i c  bag 
c o n c e n t r a t e d  th e  l a r v a e  f o r  removal w i t h  a camels  h a i r  brush.
In o c u la  used i n  th e  b io a s s a y s  were p rep a red  from th e  l o c a l l y  
o c c u r r i n g  s t r a i n  o f  NPV, a c q u i r e d  i n  1980. NPV was  g row n i n  
c o l o n y  i n s e c t s ,  h a r v e s t e d ,  and  p u r i f i e d  on 40-63% s u c r o s e  
g r a d i e n t s  (Summers and Smith  1978). C o n c e n t r a t io n s  o f  NPV in o c u la  
were d e te r m in e d  w i t h  a P e t r o f f - H a u s e r  co u n t in g  chamber,  and a l l  
i n o c u l a  were  s t o r e d  a t  -20°C u n t i l  use.
F^ l a r v a e  l e s s  t h a n  8 h o u r s  o l d  w e re  b i o a s s a y e d  by t h e  
l a r v a l  d r i n k i n g  te c h n iq u e  ( M i t c h e l l  1980, Hughes and Wood 1981, 
M i t c h e l l  and S m i t h  1985).  F o u r  t o  s i x  d o s e s  and a c o n t r o l  were  
u s e d  i n  e a c h  a s s a y .  When p o s s i b l e ,  30 l a r v a e  p e r  d o s e ,  p l u s  
e x t r a s ,  w e r e  u s e d .  O t h e r w i s e ,  a l l  a v a i l a b l e  l a r v a e ,  down to  a 
minimum o f  15 /dose  were used.  When a l a r v a  d ied  w i t h i n  24 hours  
of  i n o c u l a t i o n ,  o r  d ie d  from cause s  o t h e r  than  i n f e c t i o n ,  i t  was 
r e p l a c e d  i n  t h e  b i o a s s a y  w i t h  one o f  t h e  e x t r a s .  The num ber  o f  
l a r v a e  t e s t e d  and  r e s p o n d i n g  a t  e a c h  d o s e  w e re  ad d ed  t o g e t h e r  
when a s s a y s  w e r e  c o m b in e d .  D a ta  w e r e  a n a l y z e d  by t h e  p r o b i t  
a n a l y s i s  p r o c e d u r e  o f  SAS ( S t a t i s t i c a l  A n a l y s i s  S y s t e m ,  SAS 
I n s t i t u t e ,  Cary  NC), and by a c u s t o m  p r o b i t  p r o g r a m  w r i t t e n  a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y  f o r  use  on m ic rocom pu te rs .  F i t  o f  the  
p r o b i t  model was d e te rm in e d  by th e  c h i - s q u a r e d  goodness  of f i t .
A group of 50 f r e s h l y  h a tch e d  Fj l a r v a e  was fed  a suspension  
c o n t a i n i n g  a m i x t u r e  of  t r i t i a t e d  amino a c i d s  (21000 DPM). These 
l a r v a e  w e r e  p l a c e d  i n d i v i d u a l l y  i n  s c i n t i l l a t i o n  v i a l s  w i t h  a 
c o c k t a i l  s o l u t i o n  and a l l o w e d  t o  s t a n d  f o r  30 m i n u t e s .  Counts
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were th e n  made w i th  a l i q u i d  s c i n t i l l a t i o n  co u n te r .  The r a t i o  of  
t h e  o r i g i n a l  t r i t i a t e d  m i x t u r e  t o  l a r v a l  s c i n t i l l a t i o n  c o u n t s  
d e te r m in e d  t h e  average  amount o f  i n o c u l u m  i n g e s t e d  by l a r v a e .  
T h i s  i n f o r m a t i o n  was  u s e d  i n  t u r n  t o  e s t i m a t e  t h e  num ber  o f  
p o l y h e d r a  i n g e s t e d  p e r  i n s e c t  a n d  t h e r e b y  c a l i b r a t e  t h e  
b i o a s s a y s .
R e s u l t s
L a r v a e  w e r e  p r e s e n t  i n  c o r n  a t  S t .  G a b r i e l  f ro m  m i d - A p r i l  
u n t i l  t h e  f i r s t  week i n  August ,  when t h e  p l a n t s  d ied .  G enera t ions  
w e re  d i s c e r n a b l e  a t  t h i s  l o c a t i o n ,  and b i o a s s a y s  w e re  g ro u p ed  
a c c o r d in g ly .  Seven a ssay s  were conducted  on F^ l a r v a e  from f i r s t -  
g e n e r a t i o n  p a r e n t s  c o l l e c t e d  as  l a r v a e  on fo u r  sample  d a t e s  (29 
A p r i l ,  2 May, 7 May, and 13 May). Larvae  i n  t h e  second g e n e r a t i o n  
w e r e  d i v i d e d  i n t o  two  g r o u p s ,  t h o s e  t r e a t e d  w i t h  NPV and 
u n t r e a t e d  c o n t r o l s .  Three a s s a y s  were  conducted on l a r v a e  from 
t h e  u n t r e a t e d  g r o u p ;  p a r e n t s  w e r e  c o l l e c t e d  a s  l a r v a e  on two 
d a t e s  i n  June  (18 June and 25 June) .  Two a s sa y s  were conducted on 
F^ l a r v a e  from th e  t r e a t e d  group. The p a r e n t s  of  t h i s  group were 
c o l l e c t e d  a s  l a r v a e  on 25 J u n e ,  t h e  f i r s t  s u r v i v o r s  c o l l e c t e d  
f ro m  t h e  s p r a y  p l o t .  L a r v a e  i n  t h e  t h i r d  g e n e r a t i o n  a l s o  were  
d i v i d e d  i n t o  t r e a t e d  and u n t r e a t e d  g r o u p s .  P a r e n t s  f o r  a l l  F^ 
l a r v a e  a ssayed  i n  bo th  groups  were  c o l l e c t e d  on 10 Ju ly .
P r e v a l e n c e  o f  n a t u r a l l y  o c c u r r i n g  v i r u s  was low a t  S t .  
G a b r i e l  i n  1981. D i s e a s e d  l a r v a e  w e r e  n o t  fo u n d  i n  g e n e r a t i o n  1 
o r  t h e  u n t r e a t e d  l a r v a e  i n  g e n e r a t i o n  2. U n t r e a t e d  l a r v a e  i n  
g e n e r a t i o n  3 had  l e s s  t h a n  1% v i r u s  i n f e c t i o n  a t  c o l l e c t i o n .  
Larvae  t r e a t e d  w i th  NPV i n  g e n e r a t i o n  2 had m o r t a l i t y  l e v e l s  as
h ig h  as  85% p r i o r  to  sam pl ing ,  w h i l e  m o r t a l i t y  was a t  16% i n  th e  
t r e a t e d  l a r v a e  of g e n e r a t i o n  3 a t  th e  t im e  t h e  p a r e n t  s to c k  was 
c o l l e c t e d .  P rev a le n ce  o f  n a t u r a l l y  o c c u r r i n g  v i r u s  peaked a t  13% 
i n  u n t r e a t e d  l a r v a e  o f  g e n e r a t i o n  3 ,  and a t  56% i n  t r e a t e d  
l a r v a e .
F i g u r e s  5 .1 - 5 .5  i l l u s t r a t e  t h e  s e q u e n t i a l  c h a n g e s  i n  t h e  
p r o b i t  l i n e  a t  th e  S t.  G a b r ie l  s i t e .  F ig u r e  5.1 d e m o n s t r a t e s  th e  
homogeneous re sp o n se  o f  th e  f i r s t  g e n e r a t i o n  to  NPV in o c u l a t i o n .  
The b io a s s a y  d a t a  f i t  t h e  p r o b i t  model,  and an LC^g of  10 w i th  a 
s l o p e  o f  2 .03 r e s u l t e d .  F i d u c i a l  l i m i t s  a r e  i n  T a b l e  5.1.  Assay 
d a t a  f ro m  u n t r e a t e d  l a r v a e  i n  g e n e r a t i o n  2 a l s o  f i t  t h e  p r o b i t  
m ode l  ( F i g u r e  5 .2 ) .  The s l o p e  d e c r e a s e d  t o  1.68 and t h e  LC^q t o  
6. F i g u r e  5.3 i l l u s t r a t e s  t h e  r e s p o n s e  o f  t h e  t r e a t e d  l a r v a e  i n  
t h e  s e c o n d  g e n e r a t i o n  t o  NPV i n o c u l a t i o n .  D a ta  d i d  n o t  f i t  t h e  
p r o b i t  m ode l  and w e r e  f i t  by m eans  o f  t h e  h e t e r o g e n e i t y  f a c t o r  
( F i n n e y  1971) .  The p e r c e n t  m o r t a l i t y  a t  d o s e s  4 ,  45 ,  and 108 
p o l y h e d r a / i n s e c t  a r e  su p e r im p o sa b le  on t h e  ana logous  re sp o n se s  by 
l a r v a e  from t h e  u n t r e a t e d  group (F igu re  5.2),  w h i l e  t h e  responses  
a t  d o s e s  8 and  27 h a v e  s h i f t e d .  B i o a s s a y  d a t a  f r o m  FAW n o t  
t r e a t e d  i n  g e n e r a t i o n  3 a l s o  r e q u i r e d  a d ju s t m e n t  by th e  h e t e r o ­
g e n e i t y  f a c t o r  to  f i t  th e  p r o b i t  model (F ig u re  5.4). Two new dose 
l e v e l s ,  15 and  40 ,  w e r e  added  and t h e  d o s e  o f  108 rem oved .  The 
r e s p o n se s  a t  t h e  doses  of  4, 8, 27, and 45 a r e  supe r im p o sab le  on 
t h e  re s p o n se s  to  t h e  same doses  by the  progeny of  t h e  NPV t r e a t e d  
l a r v a e  i n  g e n e r a t i o n  2 ( F i g u r e  5 .3 ) .  F i g u r e  5.5 p r e s e n t s  t h e  
r e sp o n se  o f  t h e  F^ progeny of FAW t r e a t e d  i n  g e n e r a t i o n  3. Again, 
t h e  r e sp o n se  i s  h e te rogeneous  enough to  r e q u i r e  a d ju s t m e n t ,  and
F i g u r e  5.1 P r o b i t  a n a l y s i s  of  r e sp o n se  o f  1981 f i r s t  g e n e r a t io n  
S t.  G a b r i e l  progeny to  an NPV.
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F i g u r e  5 .2  P r o b i t  a n a l y s i s  of  r e sp o n se  o f  progeny o f  c o n t r o l  FAW 
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F i g u r e  5 .3  P r o b i t  a n a l y s i s  of  re sp o n se  o f  progeny of  FAW i n  th e  
s e c o n d  g e n e r a t i o n  t o  an  NPV. P a r e n t  s t o c k  was t r e a t e d  i n  c o r n ­
f i e l d s  w i t h  NPV.
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F i g u r e  5 .4  P r o b i t  a n a l y s i s  o f  r e s p o n s e  o f  p r o g e n y  o f  c o n t r o l  
FAW i n  t h e  second g e n e r a t i o n  t o  an NPV.
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F i g u r e  5 .5  P r o b i t  a n a l y s i s  o f  r e s p o n s e  o f  p r o g e n y  o f  FAW i n  t h e  
t h i r d  g e n e r a t i o n  t o  an  NPV. P a r e n t  s t o c k  was t r e a t e d  i n  c o r n ­
f i e l d s  w i t h  NPV.
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Table 5.1 Results of bloassays of an NPV against progeny of
FAW collected as larvae from St. Gabriel.
F i d u c i a l
G e n e ra t io n  # a s sa y s  # i n s e c t s *  LC50 L im i t s  S lope  NPV^
1 7 980 10 8 to 11 2 .03 0 2.92
2 3 452 6 4 to 8 1.68 0 2.61
2 t r e a t e d 2 325 8 1 to 16 1.52 85% 6.39*
3 2 400 9 4 to 14 1.55 0 10.02*
3 t r e a t e d 4 710 16 7 to 35 1.68 16% 29.71
^ In c lu d es  c o n t r o l  l a r v a e .
2G r e a t e s t  amount o f  NPV m o r t a l i t y  f o r  t h e  g e n e r a t i o n  p r i o r  to 
sam pl ing .
•ff
S i g n i f i c a n t  c h i - s q u a r e  v a lu e  — a n a l y s i s  comple ted  w i th  
h e t e r o g e n e i t y  f a c t o r .
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t h e  p r o b i t  l i n e  i s  b r o k e n .  R e s p o n s e s  a r e  no  l o n g e r  
su p e r im p o sa b le ,  and th e  p r o b i t  has  s h i f t e d  downward on th e  graph, 
w i t h  t h e  b reak  i n  the  l i n e  now o c c u r r in g  below th e  LC^q.
FAW w e r e  c o l l e c t e d  a t  t h e  Hammond l o c a t i o n  i n  1 82 due t o  
h i g h e r  p o p u l a t i o n  l e v e l s  o f  FAW e a r l y  i n  t h e  season  and g e n e r a l ly  
h ig h e r  p r e v a le n c e  of  th e  NPV than  a t  S t .  G a b r ie l .  O v ip o s i t i o n  was 
c o n t i n u o u s  a t  t h i s  s i t e  i n  1982, and g e n e r a t i o n s  c o u l d  n o t  be 
s e p a r a t e d .  B ioassay  r e s u l t s  were t h e r e f o r e  grouped by th e  sample 
d a t e  o f  t h e  p a r e n t  s t o c k .  R e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  5.1. 
Larvae were f i e l d  c o l l e c t e d  f o r  two months ,  May and June.  V ira l  
p r e v a l e n c e  was low d u r i n g  t h i s  s t u d y ,  r e a c h i n g  12% on 29 June .  
Data from t h e  b i o a s s a y s  f i t  th e  p r o b i t  model excep t  on 8 June  and 
15 J u n e ,  c o r r e s p o n d i n g  w i t h  t h e  a p p e a r a n c e  o f  t h e  v i r u s  i n  t h e  
p o p u la t i o n .  B ioassay  r e s u l t s  from 29 June f i t  t h e  p r o b i t  model,  
e v e n  t h o u g h  v i r a l  p r e v a l e n c e  was a t  i t s  h i g h e s t  p o i n t  o f  t h e  
s tudy .  The LC^q ' s g e n e r a l l y  i n c r e a s e d  w i t h  t im e ,  w h i l e  t h e  s lopes  
de c rea se d .  The c h i - s q u a r e  v a lu e s  f o r  t h e  b io a s s a y s  were g e n e r a l ly  
l o w ,  b u t  i n c r e a s e d  t o  s i g n i f i c a n c e  when NPV i n f e c t e d  l a r v a e  
a p p p e a r e d  i n  t h e  p o p u l a t i o n  ( T a b l e s  5.1 and 5 .2 ) .  The one 
e x c e p t i o n  o c c u r r e d  on 29 J u n e  1982 when t h e  v a l u e  was  non­
s i g n i f i c a n t  and NPV p r e v a l e n c e  was 12%. The c h i - s q u a r e  t e s t  
n o rm a l ly  s e r v e s  as  a measure  of  th e  goodness of f i t  of t h e  p ro b i t  
l i n e .  I n  t h i s  s t u d y ,  l a c k  o f  f i t  i n d i c a t e d  h e t e r o g e n e i t y  i n  t h e  
i n s e c t  p o p u l a t i o n  t o  NPV i n f e c t i o n ,  d e m o n s t r a t e d  by t h e  
c h a r a c t e r i s t i c  i n f l e c t i o n  o f  t h e  broken p r o b i t  l i n e ,  r a t h e r  than 
o t h e r  s o u r c e s  o f  b i a s  o r  e r r o r .
Data from t h e  1982 and 1983 St.  G a b r ie l  c o l l e c t i o n s  were too
Table 5.2 Results of bloassays of an NPV against progeny of
FAW collected as larvae from Hammond.
Sample day // a s say s # i n s e c t s * LC50
F id u c ia l
L im i t s S lope  NPV2 X2
3 May 3 602 6 5 -  7 1.80 0 2.22
12 May 2 385 5 4 -  6 1.45 0 1.02
20 May 2 397 11 8 -  20 1.25 0 1.83
25 May 2 394 11 9 -  18 1.66 0 6.11
8 June 4 665 13 11 -  45 1.21 2% 8.15
15 June 3 494 10 9 -  46 1.17 5% 7.91
29 June 2 384 15 10 -  26 1.51 12% 0.87
^ In c lu d es  c o n t r o l  l a r v a e .
2P r ev a le n ce  of v i r u s  f o r  t h e  week.
S i g n i f i c a n t  c h i - s q u a r e  v a lu e  — a n a l y s i s  completed w i th  
h e t e r o g e n e i t y  f a c t o r
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s p a r s e  t o  i n c l u d e  i n  t h i s  s t u d y .  Hammond d a t a  f o r  1983 was 
c o n f u s i n g  due  t o  t o o  few  a s s a y s  and  a l s o  n o t  i n c l u d e d  i n  t h e  
s tu d y .
D i s c u s s i o n
The LC^q ' s r e m a i n e d  s t a b l e  t h r o u g h o u t  t h e  c o u r s e  o f  t h e  
s t u d y ,  c h a n g i n g  by l e s s  t h a n  a f a c t o r  o f  t h r e e .  The r a t i o  o f  t h e  
b r o a d e s t  r a n g e  o f  f i d u c i a l  l i m i t s  y i e l d e d  p o s s i b l e  35 f o l d  
d i f f e r e n c e s  i n  1981 and 11.5 f o l d  d i f f e r e n c e s  i n  1982. However,  
l i m i t s  and LC^q’s c a l c u l a t e d  by use  o f  t h e  h e t e r o g e n e i t y  f a c t o r  
sh o u ld ,  i n  t h i s  i n s t a n c e ,  be v iewed w i t h  c a u t io n .  The n o n - f i t  of 
th e  p r o b i t  l i n e  t h a t  invoked t h e  H - f a c t o r  was p robab ly  not due to  
random  e r r o r ,  and  t h e  r e s u l t s  b e s t  a r e  u s e d  f o r  g r a p h i c a l  and 
n o n - s t a t i s t i c a l  com par isons .
When s l o p e  and  t h e  c h i - s q u a r e  s t a t i s t i c  a r e  t a k e n  i n t o  
a c c o u n t ,  FAW p o p u l a t i o n s  a p p e a r  l e s s  s t a b l e  t h a n  i n d i c a t e d  by 
LCcjq a lo n e .  Slope  i s  a measure  o f  homogenei ty  (Finney 1971), and 
i n  t h i s  s tu d y  i n i t i a l  a s s a y s  i n  bo th  y e a r s  had a s lo p e  a t  o r  near  
tw o ,  w h i c h  i s  c o n s i d e r e d  by Hughes and  Wood (1981)  a s  t h e  
t h e o r e t i c a l  upper l i m i t  f o r  t h i s  t e c h n i q u e  w i th  an unsynergized  
p a t h o g e n .  The s l o p e s  g e n e r a l l y  d e c r e a s e d  u n t i l  t h e  p r o b i t  l i n e  
b r o k e ,  a s  i n d i c a t e d  by t h e  s i g n i f i c a n t  c h i - s q u a r e d  s t a t i s t i c .  
This  b re a k  o r  i n f l e c t i o n  i n  t h e  p r o b i t  l i n e  i s  c h a r a c t e r i s t i c  of  
a h y b r i d  c r o s s  b e t w e e n  i n s e c t i c i d e  r e s i s t a n t  and  s u s c e p t i b l e  
i n s e c t s ,  w h e re  r e s i s t a n c e  i s  c o n t r o l l e d  by a s i n g l e ,  d o m in a n t  
gene  a l l e l e  ( C r o f t  1977).  B r i e s e  (1 9 8 2 )  o b t a i n e d  a s i m i l i a r  
p r o b i t  r e s p o n s e  when r e s i s t a n t  and s u s c e p t i b l e  P. o p e r c u l l e l a  
were c r o s s e d  and th e  F2 were b io a ss a y ed  w i t h  a GV.
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A p p a ren t ly ,  two p o p u la t i o n s  o f  FAW were  p r e s e n t  i n  th e  f i e l d  
— s u s c e p t i b l e  a n d  " l e s s  s u s c e p t i b l e "  —  w i t h  r e s p e c t  t o  
i n f e c t i o n  by th e  NPV. R e p r e s e n t a t i v e s  o f  bo th  groups  o r  c ro s s e s  
b e t w e e n  t h e  g r o u p s  w e r e  i n c l u d e d  i n  t h e  h e t e r o g e n e o u s  a s s a y s ,  
c a u s i n g  t h e  b r e a k  i n  t h e  p r o b i t  l i n e .  I t  i s  n o t e w o r t h y  t h a t  t h e  
b reaks  o c c u r re d  on ly  when v i r a l  i n f e c t i o n s  appear  i n  th e  p a ren t  
p o p u l a t i o n ,  w i t h  one  e x c e p t i o n .  Yet i t  s ee m s  u n l i k e l y  t h a t  t h e  
low p e r c e n t a g e  o f  i n f e c t i o n  i n  1982 c o u l d  h a v e  a f f e c t e d  t h e  
g e n e t i c  c o m p o s i t i o n  o f  FAW p o p u l a t i o n s  and r e s u l t e d  i n  t h e  
h e t e r o g e n e o u s  r e sp o n se s .
The most  l i k e l y  e x p l a n a t i o n  f o r  t h e  r e s u l t s  i s  im m ig r a t io n  
of  a s u s c e p t i b l e  genotype.  FAW a p p a r e n t l y  m i g r a t e  i n t o  L ou is iana  
f ro m  b o t h  Texas  and  F l o r i d a  (Young 1 9 7 9 ) ,  and s m a l l e r  s c a l e  
movements a r e  e a s i l y  c o n c e iv a b le .  In  1981, heavy l o c a l  s e l e c t i o n  
f o r  l e s s  s u s c e p t i b l e  FAW v i a  i n s e c t i c i d a l  v i r u s  t r e a t m e n t  
( g e n e r a t i o n  2 t r e a t e d )  fo l l o w e d  by an i n f l u x  of l o c a l ,  u n t r e a t e d  
FAW may be  r e s p o n s i b l e  f o r  t h e  f i r s t  b r e a k  i n  t h e  p r o b i t  l i n e .  
C o n t i n u e d  p r e s s u r e  r e s u l t e d  i n  m o r e  s e l e c t i o n  a n d  m o re  
h e t e r o g e n e i t y ,  r e f l e c t e d  i n  t h e  h igh  c h i - s q u a r e d  s t a t i s t i c s .  In  
1982, when v i r u s  was no t  a r t i f i c i a l l y  a p p l i e d ,  d i s e a s e  p reva lence  
was i n i t i a l l y  low and t h e n  i n c r e a s e d .  S i g n i f i c a n t  c h i - s q u a r e  
v a lu e s  would no t  be expec ted  from b i o a s s a y s  i f  s e l e c t i o n  by the  
NPV was s o l e l y  r e s p o n s i b l e  f o r  in d u c in g  h e t e r o g e n e i t y .  However, 
i m m i g r a t i o n  o f  a s u s c e p t i b l e  g e n o t y p e  w o u l d  e x p l a i n  t h e  
s i m u l t a n e o u s  low p r e v a l e n c e  and  s i g n i f i c a n t  c h i - s q u a r e  va lues .  
Each l a r v a  i n  every  b io a s s a y  was c h a l l e n g e d  w i th  NPV, and p r o b i t  
a n a l y s i s  d e t e c t e d  h e t e r o g e n e i t y  i n  p o p u l a t i o n s  w i t h  mixed
s u s c e p t i b i l i t y .  I n  t h e  f i e l d ,  f e w e r  l a r v a e  w e re  e x p o s e d  t o  NPV 
and, even though s u s c e p t i b l e  i n s e c t s  were  p r e s e n t ,  p re v a len c e  was 
low .  I f  t h i s  l i n e  o f  r e a s o n i n g  i s  f o l l o w e d  h o w e v e r ,  i t  d o es  n o t  
e x p l a i n  why t h e  b i o a s s a y s  o f  29 J u n e  1982 d i d  n o t  p r o d u c e  a 
broken p r o b i t  l i n e .
T h e s e  r e s u l t s  s u p p o r t  t h e  o b s e r v a t i o n s  o f  p r e v i o u s  
r e s e a r c h e r s  (B r ie se  and Mende 1981, Burges  1971) conce rn ing  th e  
d y n a m ic  n a t u r e  o f  p a t h o g e n  s u s c e p t i b i l i t y  a t  a g i v e n  l o c a t i o n .  
T h e re  w e r e  no d r a m a t i c  c h a n g e s  i n  LC^q , b u t  c h a n g e s  i n  t h e  
p o p u l a t i o n  were i n d i c a t e d  by n o n - f i t  o f  t h e  p r o b i t  model and th e  
i n c r e a s i n g  c h i - s q u a r e  v a l u e s  t h a t  b ecam e  s i g n i f i c a n t  a s  t h e  
s e a s o n  p r o g r e s s e d .  The n a t u r e  o f  t h e  h e t e r o g e n e i t y  —  a b r o k e n  
p r o b i t  l i n e  — was s i m i l i a r  t o  p r o b i t s  i n  s t u d i e s  o f  i n s e c t i c i d e  
r e s i s t a n c e ,  where s e q u e n t i a l  s h i f t s  of  s u s c e p t i b i l i t y  u l t i m a t e l y  
l e d  t o  r e s i s t a n c e .
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St. Gabriel
1 2 3 4 5 6 7
1 81 5 06 0 4 14 18
2 81 5 12 0 0 10 10
3 81 5 21 0 0 1 1
4 81 6 04 28 1 0 29
5 81 6 11 1 24 6 31
6 81 6 18 3 14 17 31
7 81 6 25 18 1 7 26
8 81 7 04 54 5 10 64
9 81 7 10 46 146 16 208
10 81 7 16 71 53 42 167
11 81 7 23 3 74 43 121
12 81 7 31 0 1 39 40
13 82 5 19 0 2 0 2
14 83 5 20 9 2 0 11
15 83 5 27 3 32 4 39
16 82 6 02 12 36 33 81
17 82 6 10 0 1 2 3
18 82 6 16 0 0 1 1
19 82 6 23 0 1 11 12
20 82 6 30 0 0 6 6
21 82 7 29 89 2 0 90
22 82 8 04 104 61 0 157
23 82 8 12 90 30 6 106
24 82 8 20 57 110 21 167
25 82 8 27 188 43 41 192
26 82 9 03 59 110 49 194
27 82 9 10 49 96 37 170
28 82 9 17 7 27 18 49
29 82 9 26 0 0 4 4
30 83 6 05 0 4 19 23
31 83 6 10 0 0 12 10
32 83 7 03 83 39 0 122
33 83 7 07 28 37 7 72
34 83 7 18 155 51 11 217
35 83 7 26 5 24 19 48
36 83 8 18 5 0 0 5
37 83 8 23 59 22 0 28
38 83 8 30 99 22 17 138
9 10 11 12 13 14
5.1 0.225 0 71.4 77.5 7.49
5.7 0.125 0 71.0 74.0 8.05
6 .0 0.013 0 74.1 71.0 8.61
1.7 0.388 0 80.6 78.5 8.05
4 .1 0.388 0 82.2 85.0 6.44
4 .5 0.453 0 84.8 82 .5 8 .75
2 .3 0.363 0 83.4 84 .0 7.49
2 .0 1.260 0 83.5 83 .0 9.24
3.1 3.350 2 81.7 85.5 4 .76
2 .9 5.470 1 84.7 81 .0 7.84
4 .3 2.500 15 89.3 74 .5 6.79
5 .6 1.010 5 86.2 77 .5 8.47
4 .0 0.026 0 73.7 76.5 7.98
1.8 0.029 0 75.6 74.3 6.51
3 .5 0.010 0 72.9 72.4 7.77
4 .0 0.229 0 82.1 77 .9 1.00
5 .0 0.038 0 81 .3 75.6 9.73
6 .0 0.013 0 81.5 78 .4 9.38
5 .3 0.038 0 80 .0 81 .0 8.33
6 .0 0.025 0 77.9 82.6 7.56
1.1 0.990 0 80.7 81.6 6.79
2.1 2.150 1 80.1 83 .0 6.72
1.9 1.570 0 78.9 82.4 7.56
3 .0 2.313 2 79.6 79.4 7.14
2.1 3.400 1 82.8 78.4 7.91
3 .2 2.740 4 81.9 76.7 7.91
3 .2 2.310 12 78.1 79 .9 7 .14
4 .0 0.650 5 78.7 82.9 6 .30
5 .8 0.050 0 71.3 76.9 8.61
5 .3 0.100 0 75.5 69.1 8.89
5 .6 0.010 0 73.0 71.3 8.54
1.9 1.555 0 81.8 75.1 6.58
2 .9 1.300 0 84.0 69 .2 8.61
2 .0 2.650 0 82.9 69.2 9.41
4 .2 1.230 0 86.7 70.7 8.38
1 .0 0.063 0 85.6 75.1 6.02
1 .9 1.000 0 86 .2 71 .0 7 .00
2.1 1.790 3 86.6 72.1 8 .33
8
18
10
1
29
31
34
26
69
208
167
121
40
2
11
39
81
3
1
12
6
91
165
126
188
272
218
182
52
4
23
10
122
72
217
48
5
81
138
117
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15 16 17 18
1 1.2 48 81126 57
2 0 .7 54 81132 65
3 0 .7 78 81141 138
4 0 .5 8 81155 157
5 0 .4 12 81162 171
6 0 .7 24 81169 191
7 0 .9 48 81176 182
8 0 .5 84 81185 215
9 1.2 96 81191 134
10 0 .9 96 81197 161
11 0 .0 96 81204 204
12 1.0 96 81212 205
13 0 .6 24 82139 107
14 2.1 8 83140 109
15 3 .0 12 83147 92
16 0 .0 60 82153 132
17 0 .0 18 82161 169
18 0 .0 40 82167 129
19 2 .5 48 82174 144
20 3 .0 78 82181 125
21 0 .8 4 82210 166
22 0 .5 7 82216 121
23 1.9 12 82224 152
24 4 .2 20 82232 156
25 0 .0 30 82239 160
26 0 .1 40 82246 154
27 0 .0 60 82253 126
28 0 .1 72 82260 131
29 0 .0 80 82269 115
30 0 .5 36 83156 149
31 0 .2 50 83161 65
32 6 .0 12 83184 114
33 0 .8 18 83118 72
34 1.2 48 83199 257
35 0 .7 60 83207 216
36 0 .7 5 83230 179
37 0 .4 12 83235 137
38 0 .4 18 83242 185
20 21 22 23
0 0 3.184 4 .2
0 0 0.826 4 .2
0 0 1.000 4 .2
15 1 5.746 4 .2
10 1 1.202 4 .2
3 2 2.551 4 .2
0 0 10.245 4 .2
2 0 4.774 4 .2
2 0 7.738 4 .2
1 0 11.880 4 .2
0 0 3.846 4 .2
0 0 4.000 4 .2
0 0 2.008 1.8
0 0 • •
0 15 • •
0 2 1.621 1.8
0 0 1.575 3 .7
0 0 1.000 3.7
0 1 0.867 3.7
0 0 0.867 3.7
68 1 0.000 1.8
104 17 4.518 1.8
62 2 6.098 1.8
49 5 2.797 1.8
1 4 16.245 1.8
22 2 4.459 1.8
24 0 5.461 1.8
0 0 2.892 1.8
0 15 0.000 1.8
0 3 • •
0 0 • •
0 3 • •
0 6 • •
1 9 • •
0 0 • •
0 0 • •
0 0 • •
5 2 • •
19
0
0
0
0
1
0
0
0
2
0
0
0
0
5
12
3
0
0
0
0
3
5
0
0
1
2
0
0
12
0
0
9
7
20
0
0
0
12
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Column legend  -  l : y e a r  2:month 3:day 4:number of s m a l l  l a r v a e  
c a p tu r e d  5:number o f  medium l a r v a e  c a p tu r e d  6:number o f  l a r g e  
l a r v a e  c a p tu r e d  7 : l a b o r a t o r y  count 8 : f i e l d  count ( l a r v a e  t h a t  
were k i l l e d  o r  escaped  i n  t h e  f i e l d  were  inc luded  i n  t h e  f i e l d  
coun t ,  bu t  no t  t h e  l a b o r a t o r y  count)  9 :average  i n s t a r  1 0 : t o t a l  
number o f  l a r v a e  p e r  p l a n t  11:number of l a r v a e  i n f e c t e d  by NPV 
12:average  t e m p e r a t u r e  13 :averaee  p e rc en t  r e l a t i v e  h u m id i ty  
1 4 : s o l a r  r a d i a t i o n  ( c a l o r i e s / c m  /min) 15 : inches  o f  r a i n  16:host  
p l a n t  h e i g h t  i n  i n c h e s  1 7 : j u l i a n  d a t e  18:degree  days between sam­
p le s  ((max temp. + min. tem p) /2  -  t h r e s h o l d  th re sho ld=50°F)  
19:number o f  C o te s i a  m a r g i n i v e n t r i s  c a p tu r e d  20:number of Chelo- 
nus sp.  c a p tu r e d  21:nur.ber  o f  Rogas laphygmae c a p tu r e d  2 2 : v a r i -  
ance t o  mean r a t i o 2 3 : s o i l  NPV (p e rc en t  i n f e c t i o n  i n  s o i l  
b io a s s a y )
APPENDIX 2
Hammond
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 82 4 19 0 2 8 10 0.02 0 0 68 65 1.20 1.45
2 82 5 3 0 0 47 47 0.01 0 0 70 65 1.20 1.45
3 82 5 3 0 0 7 7 0.01 0 0 70 65 1.20 1.50
4 82 5 12 6 22 15 43 0.21 0 0 70 68 1.40 0 .10
5 82 5 12 13 35 21 69 0.45 0 0 70 68 1.40 0 .10
6 82 5 12 2 13 3 18 0.10 1 0 70 68 1.40 0 .10
7 82 5 20 0 6 52 58 0 .13 0 0 74 71 1.20 1.50
8 82 5 20 0 24 62 86 0.11 0 0 74 71 1.18 1.50
9 82 5 20 0 2 34 36 0 .04 0 0 74 71 1.18 1.50
10 82 5 25 0 0 34 34 0.12 0 0 75 67 1.35 0 .50
11 82 5 25 4 11 32 47 0.09 0 0 75 67 1.35 0 .50
12 82 6 1 0 3 12 15 0 .15 0 0 80 71 1.31 0 .40
13 82 6 1 0 13 31 44 0 .52 0 0 80 71 1.31 0 .40
14 82 6 1 23 167 42 232 0.57 2 0 80 71 1.31 0 .40
15 82 6 8 0 2 12 14 0 .03 0 0 80 70 1.32 0 .60
16 82 6 8 0 14 24 38 0 .20 0 0 80 70 1.32 0 .60
17 82 6 8 0 0 11 11 0 .06 0 0 80 70 1.32 0 .60
18 82 6 8 37 99 47 183 1.03 4 0 80 70 1.32 0 .60
19 82 6 15 0 8 21 29 0 .15 1 0 77 71 1.26 0 .60
20 82 6 15 2 13 19 34 0 .19 0 0 77 71 1.26 0 .60
21 82 6 15 2 5 6 23 0 .24 0 0 77 71 1.26 0 .60
22 82 6 15 17 96 88 201 1.12 14 0 77 71 1.26 0 .60
23 82 6 22 0 1 23 24 0 .10 0 0 80 72 1.18 5.50
24 82 6 22 1 2 4 7 0 .08 0 0 80 72 1.18 5.50
25 82 6 22 59 74 79 212 0 .94 18 0 80 72 1.18 5.50
26 82 6 29 12 136 129 257 1.93 30 0 79 73 0.97 2 .20
27 82 7 6 1 3 12 16 0 .09 1 0 81 69 1.25 0 .60
28 82 7 6 2 11 66 79 0 .36 16 0 81 69 1.25 0 .60
29 82 7 13 6 9 25 40 0 .08 10 0 81 69 1.19 2 .50
30 82 7 20 43 82 29 154 1.18 61 0 81 71 1.11 0 .00
31 82 7 27 17 46 46 109 0 .37 47 0 81 70 0 .99 0 .00
32 83 5 24 0 18 0 18 0 .12 0 0 74 61 0 .84 3.05
33 83 5 24 0 16 2 18 0 .15 0 0 74 61 0 .84 3.05
34 83 5 31 0 7 22 29 0 .20 0 0 74 57 1.08 0 .00
35 83 5 31 0 33 17 50 0 .50 0 0 74 57 1.08 0 .00
36 83 6 10 0 19 13 32 0 .20 0 0 75 56 1.28 2.01
37 83 6 10 0 46 16 62 0 .58 0 3 75 56 1.28 2.01
38 83 6 16 0 4 45 49 0 .22 5 0 76 55 1.19 0 .65
39 83 6 16 9 45 1 55 0 .38 2 0 76 55 1.19 0 .65
40 83 6 16 0 61 11 72 1.36 1 4 76 55 1.19 0 .65
41 83 6 20 0 3 8 12 0 .12 3 0 78 61 0 .84 1.96
42 83 6 20 100 20 0 120 1.68 5 0 78 61 0 .84 1.96
43 83 6 20 1 13 0 14 0 .14 0 1 78 61 0 .84 2.01
44 83 6 20 121 27 0 148 1.05 8 2 78 61 0 .84 1.96
45 83 6 27 5 54 16 75 1.61 5 0 78 62 0 .80 0.11
15
13
24
24
36
36
20
66
60
27
72
39
84
54
6
84
84
72
15
96
12
84
18
96
84
36
48
84
36
72
84
84
48
36
66
54
78
68
84
80
8
96
66
92
24
78
120
121
1 2 3 4 5 6 7
46 83 6 27 29 133 57 217
47 83 7 18 59 2 0 61
48 83 7 18 104 51 4 159
49 83 7 26 4 73 36 113
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8 9 10 11 12 13 14 15
1.45 20 1 78 58 0 .80  0 .11  36
1.79 7 0 76 55 0.92 0 .0 0  86
1.05 63 0 76 55 0.92 0 .0 0  48
0 .7 5  50 1 82 62 1.03 1.89 60
16 17 18 19 20 21 22
1 82109 57 2 0 0 9.0 HC1
2 82123 68 0 0 0 9 .0 HCl
3 82123 68 0 0 0 6.9 HC2
4 82132 69 0 0 0 9.0 HCl
5 82132 69 0 0 0 6.9 HC2
6 82132 69 0 0 0 4 .6 HC3
7 82140 98 0 0 0 9 .0 HCl
8 82140 98 0 0 0 6.9 HC2
9 82140 98 0 0 0 4 .6 HC3
10 82145 107 0 0 0 6.9 HC2
11 82145 107 0 0 0 4 .6 HC3
12 82152 138 0 0 0 6 .9 HC2
13 82152 138 0 0 0 4 .6 HC3
14 82152 138 9 8 5 7 . 0 HC4
15 82159 141 0 0 0 9.0 HCl
16 82159 141 0 0 1 6 .9 HC2
17 82159 141 0 0 0 4 .6 HC3
18 82159 141 19 0 0 7.0 HC4
19 82166 135 0 1 0 9.0 HCl
20 82166 135 0 2 0 6 .9 HC2
21 82166 135 0 0 0 4.6 HC3
22 82166 135 8 5 0 7.0 HC4
23 82173 141 0 0 0 6 .9 HC2
24 82173 141 0 0 0 4 .6 HC3
25 82173 141 0 45 1 7.0 HC4
26 82180 126 4 26 1 7.0 HC4
27 82187 149 0 0 0 4 .6 HC3
28 82187 149 0 1 0 7.0 HC4
29 82194 150 0 0 0 7.0 HC4
30 82201 144 2 9 5 7.0 HC4
31 82208 149 0 13 1 7.0 HC4
32 83144 102 1 0 1 14.3 HCl
33 83144 102 2 0 0 15.0 HC2
34 83151 100 0 1 0 14.3 HCl
35 83151 100 1 0 2 • HC3
36 83161 102 0 0 0 14.3 HCl
37 83161 102 4 0 0 • HC3
38 83167 114 13 0 0 14.3 HCl
39 83167 114 4 0 0 • HC3
40 83167 114 20 0 2 • HC4
41 83171 124 0 0 0 14.3 HCl
42 83171 124 19 0 7 15.0 HC2
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16 17 18 19 20 21 22
43 83171 124 0 0 0 • HC3
44 83171 124 22 0 8 • HC4
45 83178 127 6 0 2 15.0 HC2
46 83178 127 20 0 0 • HC4
47 83199 149 0 0 0 15.0 HC2
48 83199 149 4 1 1 • HC4
49 83207 160 2 0 0 • HC4
Column legend  -  l : y e a r  2:month 3:day 4:number of  s m a l l  l a r v a e  
c ap tu red  5 : number of  medium l a r v a e  c a p tu r e d  6 : number of l a r g e  
l a r v a e  c a p tu r e d  7 : t o t a l  number o f  l a r v a e  c a p t u r e d 8 : t o t a l  number 
of  l a r v a e  pe r  p l a n t  9:number of  l a r v a e  i n f e c t e d  by NPV 10:number 
of  l a r v a e  i n f e c t e d  by GV l l : a v e r a g e  te m p e ra tu re  12 :average  
p e rc e n t  r e l a t i v e h u m i d i t y  1 3 : s o l a r  r a d i a t i o n  ( c a l o r i e s / c m  /min) 
1 4 : i n c h e s  o f r a i n  1 5 :h o s t  p l a n t  h e i g h t  i n  i n c h es  1 6 : j u l i a n  da te  
17:degree  days between sam ples  ((max. temp. + min. temp.) /2  -  
t h r e s h o l d  th re sho ld= 50°F)  18 :number o f  C o t e s i a  m a r g i n ! v e n t r i s  
c a p tu r e d  19:number o f  Che1onus sp .  c a p tu r e d  20:number of  Rogas 
laphygmae c a p tu r e d  21 :s o i l  NPV p e rc e n t  i n f e c t i o n  i n  s o i l  b ioa ssay  
22 .’ f i e l d  ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
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St. Gabriel 1981
F i d u c i a l  Date o f  P^ Number pe r
Slope  LC50 L im its  Capture  P l a n t
G enera t ion  1
1.74 6 2-9 4 /2 2 -4 /2 9 .013
2 .09 13 9-19 5/2/81 .368
4 .88 8 6-12 5/2 /81 .368
2 .98 12 9-16 5/7/81 .225
2 .52 14 10-24 5/7 /81 .225
2.06 8 6-10 5/2 /81 .368
2.25 13 10-18 5/13/81 .125
G enera t ion  2
1.59 6 3-9 6/18/81 .453
1.30 6 1-10 6/25/81 .363
3 .70 7 5-9 6 /25/81 .363
G enera t ion 2 ( t r e a t e d )
1.45 5 3-8 6/25/81 .088
1.97 13 8-19 6/25/81 .088
G en era t io n  3
1.39 9 5-13 7/10/81 3.35
1 .6 8 5-12 7/10/81 3.35
G enera t ion 3 ( t r e a t e d )
3 .42 6 4-8 7/10/81 2.38
2.07 18 13-23 7/10/81 2.38
1.73 15 6-40 7/10/81 2.38
7/10/81 2.38
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Assay
Number Slope LC50
1 2.02
Week
5
2 2.19 9
3 1.51 4
4 1.78
Week
7
5 1.55 9
6 1.38
Week
10
7 1.15 14
8 1.40
Week
18
9 1.52 9
10 1.80
Week
10
11 0.84 33
12 1.13 8
13 1.23 11
14 1.15
Week
5
15 0 .97 36
16 1.5 8
17 1.26
Week
32
18 2.02 10
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Hammond 1982
F i d u c i a l  Number pe r  
L im i t s  P la n t
of  3 May
2-20 .01
7-16 .01
3-5 .01
of  12 May
5-12 .34
6-18 .34
of  20 May
7-22 .07
8-135 .07
of  25 May
- .10
6-17 .10
of 8 June
6-25 .24
11- .24
5-22 .24
7-31 .24
of  15 June
- .44
13- .44
2- .44
of 29 June
14-500 .12
7-16 .12
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Data no t  used  i n  s tudy
Assay F i d u c i a l  Number/ Date of  i n  Chi-
Number S lope  LC50 L im i ts  P l a n t  Capture  a ssay  square
S t .  G a b r ie l  1982
1 2 .06 3 2-4 .125 5/11 199 5.93
2 1.36 1 1-2 .229 6/2 188 5.34
3 1.05 38 13-
St
.038 
. G a b r ie l  1983
6/23 170 0.16
1 1.39 2 2-53 5/20 188 1.42
2 3 .60 2 1-2 .350 6 /5 191 3.85
3 0 .4 8 1 - 1.550 7/3 222 14.62
4 1.00 1 1-3 1.55 
Hammond 1983
7/3 (D7) 189 5.19
1 3 .80 1 1-2 .13 5/24 187 1.02
2 1.87 15 11 -2 2 .32 5 /3 1 (D7) 126 1.40
3 3 .23 10 8-12 .32 5/31 (D7) 190 6.48
4 2 .4 0 3 1-4 .32 5/31 (D7) 192 0.47
5 1 .00 1 1-2 1.49 6/27 180 3.54
6 2 .00 1 1-2 1.49 6/27 222 15.54’
7 2 .4 0 4 2- - 8/9 224 13.52’
8 2 .0 0 6 5-16 - 8/9 224 2.10
* S i g n i f i c a n t  c h i - s q u a r e  v a lu e  — a n a l y s i s  completed w i th  
h e t e r o g e n e i t y  f a c t o r
VITA
F o r r e s t  Lee M i t c h e l l ,  t h e  son of  Danie l  F. and Thelma M i t c h e l l  
was  b o r n  D ecember  21,  1955 i n  B r o w n s v i l l e ,  T e x a s .  He a t t e n d e d  
B r o w n sv i l l e  High School and g rad u a ted  i n  May, 1973. Subsequent ly  
e n r o l l i n g  i n  Texas A&M U n i v e r s i t y ,  he g ra d u a ted  i n  May, 1977 w i th  
t h e  d e g r e e  o f  B a c h e l o r  o f  S c i e n c e  i n  W i l d l i f e  and F i s h e r i e s  
Sc ience .  He began g ra d u a te  s tudy  i n  th e  d ep a r tm en t  o f  Entomology 
a t  T ex as  A&M i n  A u g u s t ,  1977,  and g r a d u a t e d  w i t h  a M a s t e r  o f  
S c i e n c e  d e g r e e  u n d e r  t h e  d i r e c t i o n  o f  Dr. J.W. S m i t h ,  J r .  i n  
D ecem b er ,  1980. T r a n s f e r r i n g  t o  t h e  d e p a r t m e n t  o f  E n to m o lo g y  a t  
L o u i s i a n a  S t a t s  U n iv e r s i t y  i n  September,  1980, he i n i t i a t e d  work 
i n  t h e  Ph.D. p r o g r a m .  I n  J u l y ,  1984,  he a c c e p t e d  e m p lo y m e n t  w i t h  
t h e  Texas A g r i c u l t u r a l  Experiment S t a t i o n  i n  S t e p h e n v i l l e ,  Texas. 
The d i s s e r t a t i o n  was completed i n  December, 1985.
The a u t h o r  was m a r r i e d  t o  t h e  f o r m e r  P a u l a  Lynn L e v i n  i n  
B ry a n ,  T e x a s  on J u l y  28,  1979. They h a v e  one  s o n ,  R o b e r t  F o r r e s t ,  
b o r n  on A u g u s t  7,  1983 i n  B a to n  Rouge, L o u i s i a n a .  The a u t h o r  i s  a 
member o f  t h e  E n t o m o l o g i c a l  S o c i e t y  o f  A m e r i c a ,  t h e  A m e r ic a n  
A s s o c i a t i o n  f o r  t h e  A dvancem ent  o f  S c i e n c e ,  t h e  S o u t h w e s t e r n  
E n t o m o l o g i c a l  S o c i e t y ,  t h e  K an sas  E n t o m o l o g i c a l  S o c i e t y ,  t h e  
L o u i s i a n a  E n t o m o l o g i c a l  S o c i e t y ,  t h e  S o c i e t y  f o r  I n v e r t e b r a t e  
P a tho logy ,  t h e  American Peanut R esea rch e rs  and Educa to rs  S o c ie ty ,  
and th e  Texas F r u i t  Growers O rg a n iz a t io n .
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